Develop New or Improved Instrumentsand
Technologiesfor Usein Research and M edicine

IN THISSECTION:
SCIENCE ADVANCES | SCIENCE CAPSULES | STORIESOF DISCOVERY

SCIENCE ADVANCES

- The New Immigrant Study: Understanding the Background, Skills, and Impact of Immigration on U.S.
Society

- The Mouse Intracytoplasmic Sperm Injection Model: No Adverse Effects of Bypassing Conventiona
Sperm Formation and Fertilization

- Robots Eavesdrop on Cellular Discussions

- Targeted DNA Insertion May Aid Gene Therapy

- Simple Breath Test Predicts Gene-Linked Drug Response

- Laboratory-Grown Heart Vaves Show Potentia as Valve Replacements

- Clinical Study Shows That New Treatment May Improve Feasibility of Bone Marrow Transplantation

- Development of a Novel Technique To Analyze Membrane Proteins

- A Useful Technique for Understanding Signaling in the Cell

- Genome-Wide Screening of Protein Interactions

- Fingerprinting Bacteria

- Identifying the Function of Proteins

- Most Common Type of Non-Hodgkin's Lymphomais Actually Two Diseases, Powerful New Genetic
Anadysis Tool Reveds

- Isolation, Purification, and Multiplication of Adult Neural Stem Cédlls

- Cochlear Implants

- Early Identification of Hearing Impairment

- Development of a High-fidelity Gene Amplification Method Allows Quantitative Measurements of
Biologica Functions Using Minimal Amounts of Living Tissues

- “Virtua Colonoscopy” One Step Closer to Routine Clinical Use

- Magnetic Resonance Angiography Displays Small Vessels Without Invasive Catheterizations

- Improved Integration of Data from Multiple Gene Maps Leads to Better Localization of Human Genetic
Markers

- LocusLink and RefSeq Databases Simplify Integrated Retrieval of Genomic Information

- Clinical Trias.gov

- Profilesin Science

- Development of a New Technique for Examining Different Structures in the Eye

- Development of a Multimedia Educational Tool About the Human Genome and Genetics for Students
and the Public

- Accumulation of Cellular Iron: A Likely Culprit in Degenerative Diseases of the Nervous System

- A Simple, Inexpensive Method for Determining Prognosisin B Cell Lymphocytic Leukemia

- How Cells Engineer Connective Tissue Matrix

- New Genetic System for Following Cranial Neural Crest Cellsin Mice

- Early Warning System is Discovered to Fight Infections and Cancer

- Imaging Technique Reveals Changes in Brain Structure

- Advances in Ocular Kinematics

239




SciENCE CAPSULES (page 276)

- Flourescent Brain Cells Help Track Master Reproductive Hormone

- Detailed Images Achieved with New Magnetic Resonance Imaging (MRI) Technique
- Improved Prospects for Gene Therapy Requiring Large Genes

- New Method to More Quickly Study Cellular Regulatory Processes

- Automatable Method for Protein Identification

- Efficient Production of Dopamine Nerve Cells

- Hearing Aids

- Altruism Motivates Participation in Schizophrenia Research

- Assuring Safe Feeding Tube Placement

- A Database of SNPs Will Shed Light on Human Variation and Disease

- A New Method for Searching for Patterns in Proteins

- Complete Genome Data for More Than 700 Organisms Facilitates Comparative Anayses
- Next Generation Internet Implementation to Serve Visible Human Datasets

- Remote Treatment Planning System

- Mammography for the Next Generation Internet

- Multilaterd Initiative on Maaria

- Tribal Connections

- Internet Connectivity Performance Evaluation

- New Imaging Instrumentation for Diagnosis of Eye Diseases

- Intranasal Administration of Naked TGF-B DNA May Be Used to Treat Inflammatory Diseases
- Early Detection of Cancer Cells

- Novel SPECT Ligands to Image the Serotonin Transporter in Human Brain

- New Technique Eliminates a Step in Making Genetically-Altered Mice

- RNA Interference: A New Method for Controlling Gene Expression

STORIESOF DISCOVERY (page 286)

- MEDLINE and MEDLINEplus: A Continuing Story of Discovery

- Genome-scale Analyses. cDNA and Tissue Chips

- Single Nucleotide Polymorphisms (SNPs): New Tools for Tracing Inherited Diseases

240



FYOO NIH GPRA Research Program Outcomes

The New Immigrant Study:
Under standing the Background, Skills, and Impact of Immigration on U.S. Society

Background: Despite the importance of immigration to the past, present, and future well-being of the
Nation, no survey has ever contained a nationally representative sample of new lega immigrants and been
designed to follow their progress over time. Thisis largely due to the difficulties and costs involved:
conducting such a survey entails significant challenges in finding, interviewing, and retaining respondents
who are apt to be highly mobile within the U.S. and abroad. To help researchers address a range of
issues likely to affect the health of mothers, children and families for decades to come, the NIH was joined
by, among others, the Immigration and Naturalization Service and the National Science Foundation in
supporting the development of the New Immigrant Survey (NIS). The NIS examines the characteristics
of legal permanent residents (e.g., green card holders) in the United States, and is the first survey to target
guestions specifically to the “green card” population concerning hedlth, schooling, language skills, earnings,
past experiencein illegd status, and economic gains from immigrating.

Advance: Asan important step in developing the full-scale NIS, the investigators conducted a highly
successful pilot study. In terms of methodology, the NIS pilot study (NI1S-P) showed that the complex
procedures for locating, interviewing, and reinterviewing the target population are sound, and that the
quality of the data obtained is high. In terms of content, the study demonstrated that the previous
information about non-citizens has left mideading impressions concerning lega immigrantsin the US. The
data also revedled some important new facts. For example, when comparing individuas with postgraduate
education, adult green card holders are three times more likely to have schooling beyond college than U.S.
natives. On the other hand, when comparing individuals with less education, green card holders are dso
about three times more likely to have completed fewer than nine years of schooling than U.S. natives.
Most new legal immigrants are not new to the United States: two-thirds have had previous experience
living here, and at least one in five entered illegally at some point in the past. When compared to their last
job abroad, about a quarter of the new legal immigrants experienced an initid drop in earnings.
Nevertheless, immigrants overall experienced large increases in their annual earnings— an average of
$10,000 for men and $6,000 for women. Average earnings of employed new immigrant men fal short of
those enjoyed by U.S.-born men, but employed new-immigrant women earn mor e than their U.S.-born
counterparts.

Implications: The NIS-P has proven that it is possible to overcome methodol ogica and logistica
difficulties in developing a longitudind study of U.S. immigrants, and promises that the full-scale survey
will revolutionize immigrant research in the U.S. The study also provides the first clear insights into the
characteristics of legal immigrants to this country. The data serve as a critically important resource for
policy-makers and for scientists analyzing the causes and consequences of immigration. The data also
contribute significantly to our fundamental understanding of how immigration fuels population growth,
economic productivity, the rapidly increasing diversity of our population, and the hedlth and well-being of
immigrant populations.

Jasso G, Massey DS, Rosenzwieg MR, Smith JP: The new immigrant survey pilot (NISP): overview and new findings about
US legal immigrants at admission. Demoaraphy, 37(1):127-38. 2000.
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The Mouse Intracytoplasmic Sperm Injection Moddl:
No Adver se Effects of Bypassing Conventional Sperm Formation and Fertilization

Background: Intracytoplasmic sperm injection (ICSl) has become the method of choice to help
overcome mde infertility and iswidely used by infertility dinics around the world. The ICSl method
dlowsdiniciansto inject either mature or immature sperm directly into an oocyte, or egg cdl. This
technique bypasses many naturd biologica processesinvolved in fertilization and alows sperm from an
infertile male, which could not enter into an egg under normd or in vitro conditions, to be Smply
injected into the egg’ s cytoplasm to initiate embryo development. After transfer to a uterus, the embryo
can develop into live offspring. Researchers are particularly interested if repeated use of the ICS|
method, especialy when immature sperm are used, will have any harmful long-term effects. Becauseiit
takes nearly 20 years to produce & least one human generation, researchers use mice to quickly
determine if repeated use of the procedure will have serious consequences on the fertility and behavior

of offgring.

Advance: A new study shows that immature Spoerm can be injected directly into mouse eggs to
produce live offspring. ThisICSl procedure has now been carried forward through five generations of
such live offgpring, using immature sperm cells from each generation of mice. In this process, the
scientists found the ICS mice had no apparent differences in their growth and fertility when compared
to controls born after natural mating. 1n addition, the researchers found that the subsequent generations
of ICSl mice had no clear deficitsin terms of dementary reasoning, emotiondity, Soatid learning and
memory.

Implications: 1CS methods are used annually in tens of thousands of cases worldwide to overcome
infertility. Itisresssuring to find that bypassng the naturd stepsin the fertilization process, induding the
full maturation of sperm had no cumulative or damaging effect upon the growth, fertility or behavior of
subsequent generations of mice. It isimportant to note, however, that normal fertile mice were used in
thisstudy. While these studies are important, the gpparent safety of ICSl in mice cannot be taken to
mean that the procedure is completely harmless to humans: longitudind studies are needed to answer
this question.

Tamashiro KLK, KimuraY, Blanchard RJ, Blanchard DC, Y anagimachi R: Bypassing spermiogenesis for several
generations does not have detrimental consequences on the fertility and neurobehavior of offspring: a study using

the mouse. Journal of Assisted Reproduction and Genetics, 16(6):315-24. 1999.
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Robots Eavesdrop on Cellular Discussions

Background: Imagine vigting alibrary full of books that you couldn't read. In asense, thisisthe
scientific dilemma facing biologists across the globe. Researchers have in hand boatloads of genetic
information — billions of DNA letters that spell out the ingructions for life in organisms as diverse as
yeast, worms, flies, and humans. The problem is that, to a great degree, no one knows what all these
genesdo. And even in the cases where scientists do know, even more puzzling is how cell parts
communicate with each other, often through physical contact. While scientists have devel oped powerful
gpproaches to determine which of the thousands of genes are “turned on” in aparticular cell, they
haven't had a* guidebook” to tell them which gene products interact physically.

Advance: For thefirg time, researchers working with the mode organism Saccharomyces cerevisiae
(baker's yeast) have figured out away to record the “conversations’ taking place smultaneoudy
between thousands of moleculesinsde asingle cdl. Using robots to monitor the goings-on of thousands
of individua yeast cdlls growing on asmal plagtic grid, these stientists have accomplished abiologica
milestone in determining which moleculesin acdl “tak” to others by making physicad contact. To
achieve thisfest, the researchers made use of robotic devices to automate state- of-the-art, but
commonly used, molecular biologicd techniques.

Implications: “Ligening in” on which proteins physicaly tak to other proteinsis acritical task for
researchers ince dl cdlls rely on extensve and ongoing molecular discussionsto carry out life's
functions— everything from bresthing to memory. When the complete, ordered sequence of the human
genome is available to researchersin the next couple of years, asmilar strategy will likely be possble
using human cdlls. In the near term, scientigts dl over the world studying yeast cells asamodd for
understanding human health and disease will be able to use this information to advance their research.

Uetz P, Giot L, Cagney G, et al: A comprehensive analysis of protein-protein interactions in Saccharomyces
cerevisiae. Nature, 403(6770):623-7. 2000.
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Targeted DNA Insertion May Aid Gene Therapy

Background: For decades, scientists have tried to insert genes into precise locations within the genetic
materid of laboratory test organisms. Such experiments help them better understand the function of the
inserted genes and enable them to disrupt other genes. Gene thergpy aso relies on the insertion of
corrective genes into the cells of living humans. With most current methods, the genes insart randomly,
S0 sientists cannot control whether the genes will function in their new location.  Such random insertions
can even lead to potentidly disease-causng mutations.

Advance: New research indicatesthat it is possble to insert genesinto any desired location in the
genetic materia of ahost organism. Geneticists accomplished this by harnessing the targeting
mechanism of aportion of DNA caled an intron. Often called “junk DNA,” introns normaly do not
code for proteins, but exist in the middle of genesthat do. Some introns can recognize a sequence of
DNA and insert themselves precisaly into it. They do this by matching up aregion of their own genetic
sequence with the targeted sequence. To see whether it is possible to congtruct introns to target any
desired gene, researchers chose two clinicaly relevant sequencesto target: oneinagenein HIV, the
virustha causes AIDS, and another in a human gene called CCR5 that encodes a protein necessary for
HIV infection. People who have mutations in their CCR5 genes are resistant to HIV infection, leading
scientigts to believe that disrupting the CCR5 gene may be an effective anti- AIDS therapy. The
scientists modified atype of intron found in bacteriato generate avariety of introns with different genetic
sequences in ther targeting regions. They found that more than a dozen of these introns inserted
themsdlvesinto the intended positionsin the target genes. The research was done using human cdlsin a
laboratory, but the scientists ultimately hope to use the technique to treet HIV infection in people.

Implications: If further tests are successful, the method could be used both to disrupt specific genes
and to add new genes a desired sites. This could advance al sorts of biomedicd research, ranging
from studies on basic gene function to the development of antivird and artibacterid drugs. The work
may aso enhance the ddivery of genesfor gene thergpy. Currently, the specidized viruses usudly used
to deliver corrective genesinsert their cargo at random sitesin human DNA. If the new method could
deliver therapeutic genes to specified Sites, it could make gene therapy safer and more effective. The
work is an excellent example of an unexpected outcome from basic biomedica research. While
researchers were carrying out basic research on these itrons and how they related to gene structure,
they resped the benefit if their usein practica gpplications aswell.

Guo H, Karberg M, Long M, Jones JP |11, Sullenger B, Lambowitz AM: Group Il introns designed to insert into
therapeutically relevant DNA target sitesin human cells. Science, 289(5478):452-7. 2000.

Strauss E: Targeting intron insertion into DNA. Science, 289(5478):374. 2000.
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Simple Breath Test Predicts Gene-Linked Drug Response

Background: Pharmacogeneticsis ablossoming area of research aimed at connecting a person's
genetic make-up with his or her response to medicines. As drugs move through the body, they interact
with thousands of molecules called proteins, each encoded by a different gene. Because each personis
geneticaly unique, tiny differencesin these proteins can affect how medicines do their jobsin the body,
since some of these proteins work to get rid of medicines, while others help medicines do their jobs.

For example, certain drugs used to treat cancer can have widely variable effects in patients, and many of
these trestments have serious toxicities. On occasion, patients are literaly poisoned because their
bodies cannot get rid of, or “clear,” cancer treetmentsin atimely manner. Patients given an identica
dose of the commonly used chemotherapy drug Taxotere’ (docetaxd), for instance, display wide
variation in the amount of time it takes their bodies to clear thismedicine. Scientists have suspected that
gene differences may account for at least some of the variability in response to docetaxd.

Advance: Now, pharmacogenetics researchers have confirmed this suspicion using asmple “breeth
tet” that measures an individud patient's ability to break down docetaxd. Severd years ago, the same
basi ¢ researchers came up with the idea for the breath test, which measures the strength of a drug-
metabolizing protein nicknamed “CYP3A4.” The CYP3A4 protein chews up many different drugs,
including the antibiotic erythromycin. Researchers use the bregth test to gauge patient's CY P3A4
activity by injecting atiny amount of erythromycin containing trace levels of the radioisotope *C, and
then measuring the amount of radioactive carbon dioxide the patient exhdes 20 minutes later. (The very
small amount of radioactivity poses no danger to the petient or hedlth care provider.) Inasmal dinica
study, the researchers successfully used the breath test to track patients breakdown of docetaxel.
Underscoring the predictive vaue of the smple test, the scientists found that the patients with the lowest
scores on the bresth test were the ones who suffered the grestest docetaxd toxicity.

Implications: The new work introduces an important potentia role for the breath test in predicting
toxicity caused by awidely used cancer drug. Since many medicines are metabolized by the CYP3A4
protein, the breath test may prove useful in the clinic asarapid and easy way to predict individud
patients responses to other drugs. Since previous blood tests failed to predict docetaxel toxicity ahead
of time, the breeth test may offer apromising tool to help physicians adminigter this drug more safely.
Makers of the bregth test are currently seeking FDA approva — a step that will mark another practica
use of pharmacogeneticsin the clinic.

Hirth J, Watkins PB, Strawderman M, Schott A, Bruno R, Baker LH: The effect of an individual's cytochrome CY P3A4
activity on docetaxel clearance. Clinical Cancer Research, 6:1255-8. 2000.
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Laboratory-Grown Heart Valves Show Potential as Valve Replacements

Background: Heart valves are flap-like structures that help regulate blood flow through the heart.
Mafunctioning valves can serioudy impede heart function. More than 60,000 patients in the United
States recelve heart vave replacements each year. Although their overal performance is excellent,
mgor problems are still associated with each type of vave replacement presently used. Tissue-
engineering — a new technology that gpplies the principles of engineering to create functiond tissues and
organs that can replace damaged or diseased natura tissues and organs — has potentia for producing
less problematic replacement heart vaves. Unitil now, heart valves generated by tissue-enginesring
methods did not perform well once they were implanted.

Advance: Recently, agroup of researchers, using a new tissue-engineering technique, “grew” heart
vavesin thar laboratory and implanted them into Sx lambs. The vaves functioned satisfactorily for up
to five months. Even more important, the engineered valves gradualy evolved to resemble natura
vavesin terms of severd mechanica and structurd characterigtics. The valves were grown from

bi cabsorbable materid's seeded with cells from blood vessdls of the lambs to receive the implant. Using
aspecid laboratory system they developed, the researchers * conditioned” the valves by growing them
in an environment that Smulated the pressure and flow of blood in the body. The new technique
produced more mature vaves with grester ability to function than vaves previoudy generated.

Implications: Despite four decades of research and development, an ided heart valve replacement has
not yet been developed. Further development of tissue-engineering systems like the one developed and
used in this study could result in heart valves that are far better than the onesin usetoday. Tissue-
engineered heart valves might be able to function for the remainder of a patient’ s life, provide ongoing
tissue dteration and repair as needed, and, in the case of pediatric patients, grow as the patients grow.

Hoerstrup SP, Sodian R, Daebritz S, et al: Functional living trileaflet heart valves grown in vitro. Circulation,
102(19)Supplement 111:44-9. 2000.
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Clinical Study Showsthat New Treatment May Improve
Feasibility of Bone Marrow Transplantation

Background: Bone marrow transplantation is frequently used in other countriesto treet patients with
sckle cdl disease and thalassemia. This procedure israrely performed in such patientsin the U.S.
because the procedure carries the risk of painful and potentidly fatal complications such as graft versus
host disease (GVHD). Preparing patients for trangplantation is also risky; it entails irradiating patients to
destroy their bone marrow, thereby eradicating not only their disease but dso their immune response.

Advance: Inasearch for new and safer ways to treat patients with blood diseases that have the
potentia to respond to bone marrow transplantation, scientists developed a trestment regimen consisting
of lessradiation then is used currently coupled with immunosuppressive drugs following transplantation.
Because dl of arecipient’ s blood cells do not have to be destroyed before new donor blood cells can
be incorporated, procedures can be used that cause less damage to a patient’s cdlls and therefore are
lesslikely to befata than more destructive techniques.

The trestment was successful in dogs where transplanted cells were grafted successfully in

12 of 13 animals and none of the dogs developed GVHD. Prdiminary results from 26 patientsindicate
that the procedure iswell tolerated in humans and has the potentia to be performed entirely in an
outpatient setting.

Implications: Because the likdihood of GVHD increases with age and because the doses of ionizing
radiation that traditionaly are used can be toxic to the digestive system, bone marrow transplantation
currently is limited to younger patients with good organ function. However, the new trestment protocol
alows the patient population to be expanded. The current study is being performed using related
recipient-donor pairs. Evauation with unrelated donors is needed before the procedure will increase
dramatically the number of patients who are digible to receive bone marrow transplantation. Ultimatdly,
the performance of the less damaging procedure in an outpatient setting also may result in mgjor cost
savings.

Sandmaier BM, McSweeny P, Yu C, Storb R: Nonmyeloablative transplants: preclinical and clinical results.
Seminarsin Oncology 27(2):78-81. 2000.

Storb R, Yu C, ZauchaM, et al: Stable mixed heamtopoietic chimerism in dogs given donor antigen, CTLA4Ig, and
100 cGy total body irradiation before and pharmacol ogic immunosuppression after marrow transplant. Blood,
94(7):2523-9. 1999.
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Development of a Novel Technique To Analyze Membrane Proteins

Background: Inan erawhen scientists are rgpidly identifying new genes and the proteins that they
code for, it has become more important than ever to quickly characterize the structure and function of
these new proteins. One important class of proteins has remained resstant to characterization; those
that are found in the lipid membranes that both surround the cell and form the barriers between its
organelles or “little organs.” Membrane-bound proteins, about 10 percent of dl proteinsin the cell,
have an enormous variety of crucia functions. They can be receptors that detect hormones and other
important sgnas, and act as channels that alow nutrients, ions, and waste products to cross in and out
of the cdll, and between organelles. Unfortunately, the well-established methods used to find the
structure of most proteins, x-ray crystallography and nuclear magnetic resonance spectroscopy, have
not been successful for these membrane-bound proteins.

Advance: Investigators have developed a widely-applicable technique that permits the rapid
determination of the molecular mass of a full-length protein with high precison. Investigators have
demongtrated the broad usefulness of this technique by employing it to perform mass spectrometric
andysis of four entirdly different membrane proteins from three bacterid organisms. Because of the
precison in determining molecular mass, this technique can identify new proteins, detect even small
errorsin protein amino acid sequence of known proteins, and characterize important chemical
modifications such as glycosylation or oxidation. Importantly, it can be used to identify new proteinsin
a crude tissue preparation without extensive purification, a step that has often proved difficult and time-
consuming.

Implications:. The completion of the human genome sequencing project, as well as the continued
sequencing of anumber of other genomes, will leed to the identification of a number of proteins of
unknown structure and function. Rapid chromatographic separation of crude protein extracts with
subsequent spectrometric analyss using this new technique can provide information necessary for
determining protein structure and function. Thiswill be especidly useful in those cases, such as
membrane proteins, where classica methods have faled.

le Coutre J, Whitelegge JP, Gross A, et al: Proteomics on full-length membrane proteins using mass spectrometry.
Biochemistry, 39(15):4237-42. 2000.
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A Useful Technique for Under standing Signaling in the Cell

Background: RNA-mediated genetic interference (RNAI) is aprocess in which targeted inhibition of
gene expression can be mediated through double stranded RNA. Discovery of this phenomenon came
from reverse genetic sudiesin C. elegans, asmdl roundworm. Recently, RNAI has been reported to
work in fruitfly Drosophila aswell as other invertebrates and plants. In contrast to C. elegans, there
are anumber of established cdl lines from the fruitfly Drosophila offering many experimenta
advantages for biochemicd studies. In addition, the Drosophila research community, both through the
efforts of “genome projects’ and of individua investigators, has accumulated a vast amount of data on
the genetic and molecular organization of the Drosophila genome, aswell as on the structure,
expresson and function of individud genes. Investigators are now using this approach to study signding
cascades by dissecting the well-characterized insulin Sgnd transduction pathway.

Advance: Researchers have demondtrated that RNA is capable of blocking the production of specific
proteins usng cdl cultures from the fruitfly Drosophila. To date, researchers have used RNAI
successtully to inhibit the production of or “knock-out” fifteen proteins, including kinases, phosphatases,
adaptor proteins, and receptors. Data suggest that this approach is effective in inhibiting a broad range
of proteins. RNAI was able to block the expression of two proteins dready under study within the
laboratory. One was an analog of a human protein called “nexin,” one of aset of five related proteins
that servesto sort out and direct intracellular movements of proteins. The other was an andog of
common mammaian enzymes cdled kinases, aprotein tyrosine kinase. Using RNAI, researchers were
then able to study the relationship of one protein to the other. They established that the second protein
functions as a kinase and precedes the Site of activation, or phosphorylation, of thefirst protein. The
investigators next verified that the RNAI could be used to dissect out sgna transduction pathways by
tegting it in the wel-characterized insulin Sgnding pathway. Inhibiting the expresson of four distinct
proteinsin the insulin sgnaing pathway produced a predictable resulting response, confirming known
gepsin the pathway.

Implications: Intracdlular Sgnding processes are fundamental mechanisms underlying hedth and
disease. Here, researchers have demonstirated the gpplicability and efficacy of double-stranded RNA-
mediated interference of gene expresson in blocking the production of targeted proteins in the fruitfly.
This method is technically smple, highly reproducible and quick results may be obtained within afew
days. These results highlight the usefulness of RNAI in analyzing complex biochemicd pathways and
provide an effective method for determining the function of genes identified from the Drosophila
genome sequencing project. These experiments may also serve as a stepping stone for adaptation of
this technique to mammadian systems.

Clemens JC, Worby CA, Simonson-Leff N, et al: Use of double-stranded RNA interference in Drosophila cell linesto
dissect signal transduction pathways. Proceedings of the National Academy of Sciences, 97(12):6499-6503. 2000.
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Genome-Wide Screening of Protein Interactions

Background: The recent deciphering of the human genome will not have medical sSgnificance unless
scientists can determine how these genes function in the human body. The genes and thelr protein
products orchestrate the complex activities within each cell. Understanding this intricate web of
interlocking protein interactions requires new gpproaches to attack the problem on alarger scae.

Advance: In collaboration with a biotechnology company, researchers a the University of Washington
have developed an automated system for genome-wide screening of thousands of protein interactions
that occur within acell. The scientists tested this new technology on the single-cdlled organism
Saccharomyces cerevisiae, commonly known as baker’ s yeast, which serves as amodd organism for
understanding human biology and disease. Because trangent pairings between proteins lie at the heart
of most cellular activities, researchers can obtain clues to the function of a poorly understood protein by
determining if it interacts with another protein of known function. Y east geneticists hed previoudy
developed a technique, known as the two-hybrid assay, to identify Sngle protein-protein interactions.
Now, using automated technologies, scientists have been able to gpply the two-hybrid assay to screen
the entire yeast genome and to Smultaneoudy assess hundreds of protein interactionsin yeest cells and
determine how they function. Using high-throughput technology and a database system that identifies
novel protein interactions, the researchers detected nearly 1,000 putative protein-protein associations,
many of which involved poorly understood yeast proteins that can now be studied in new contexts.

Implications: The completion of the firgt protein interaction map for an entire model organism — yeast —
isalandmark achievement. It isthefirg time that the protein interactions of a complete genome have
been identified and mapped. This type of high-throughput protein-interaction screening can now be
gpplied to the genomes of additiond organisms. By discovering the functions of genes and proteinsin
smple organisms such as yeadt, scientists can gain aclearer picture of how similar genes functionin
humans. Thisinformation will be vauable in determining the correlaion between specific genes and
complex diseases such as metabolic disorders, cancer, and autoimmune diseases.

Uetz P, Giot L, Cagney G, et al: A comprehensive analysis of protein-protein interactions in Saccharomyces
cerevisiae. Nature, 403(6770):623-7. 2000.
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Fingerprinting Bacteria

Background: Identification of pathogenic bacteriais important for medical diagnoss, food and water
safety, anti-bioterrorism, and basic biomedical research. Among the agpproximately 4,000 bacterial
speciesidentified to date, roughly 200 are pathogenic to humans and cause diseases that rangein
severity from moderate discomfort (in cases of mild food poisoning) to life-threaetening. Scientists
edimate that millions of additiona bacterid species have not yet been discovered. Methods for rapidly
identifying bacteriawould dlow physcians to administer early and gppropriate thergpies to their
patients.

Advance: Scientigts at the NIH Flow Cytometry Resource Center, Los Alamos National Laboratory,
have developed a new technique for bacterid identification that lowers the cost and speeds the analysis
of DNA samples extracted from bacteria. The technique has significant advantages over othersin use
today, offering greater precison and awider range of gpplications. DNA extracted from asfew as
1,000 bacteria are trested with restriction enzymes that chop the DNA into fragments, the lengths of
which are unique to specific bacteria. This mixture of DNA fragments is passed through aflow
cytometer, and within 20 minutes the DNA fingerprint of the bacteriais known.

Implications: Using this method it is possble to distinguish between harmless srains of E. coli and the
toxic strains that cause food poisoning. The competing technique in use today is based on pulsed field
gd dectrophoress, which requires 100,000 times more cells and takes 15 hours to complete.
Scientists at Los Alamos are designing an inexpensive portable verson of their laboratory equipment
thet will be usable in hogpitas and in the fidd.

Larson EJ, HakovirtaJr, Cai H, et a: Rapid DNA fingerprinting of pathogens by flow cytometry. Cytometry,
41(3):203-8. 2000.

Kim'Y, Jett JH, Larson EJ, PenttilaJR, Marrone BL, Keller RA: Bacterial fingerprinting by flow cytometry: bacterial
species discrimination. Cytometry, 36(4):324-32. 1999.
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| dentifying the Function of Proteins

Background: A surprising result from dl of the genome sequencing projectsisthat athird to ahaf of
the identified genes are unique, meaning they have no homology, or sequence smilaity, to previoudy
identified genes.  Although sequence homology can be mideading, it is often a ussful starting point for
determining the function of agene. For genes with no sequence homology, it is necessary to develop a
new technology to identify their function.

Advance: A combination of mass spectrometry, conventiona light microscopy, and eectron
microscopy provides the needed technology to identify the function of unique genes. In a powerful
demongtration project, these instruments were used to identify al of the components of the yeast nuclear
pore complex, a cdlular structure that alows large moleculesto get in and out of the nucleus. Scientists
first used traditiona chromatography to separate nuclear pores from other components of the cell.
Proteins isolated from the pores were then subjected to severd different types of mass spectrometry to
determine their sequence. This alowed the researchers to identify 174 proteins that might be associated
with the nuclear pore. To distinguish the proteins that were part of the nuclear pore from those that
were ether found throughout the cell or were only occasionally associated with the pore, the
researchers tagged the 174 proteins in an intact cell and used microscopy to observe that 134 of these
molecules were located outs de the membrane that contains the nuclear pore. After these “false
positives’ were deleted from the list of potentid nuclear pore proteins, the remaining 40 proteins were
tagged in an intact cell and confirmed, by e ectron microscopy, to be part of the nuclear pore. These
experiments allowed the scientigts to obtain alow-resolution structure of the pore. Prior to thiswork,
only 6 of these 40 proteins had been assigned a function.

Implications: While the reported work was focused on determining the proteins that comprise an
important cellular sructure, it is straightforward to extend this technology to evauating proteins thet are
present in diseased tissue. The same separation techniques could be employed to detect proteins that
aremore or less abundant in diseased tissue than in hedthy tissue. These proteins could then be
identified using mass spectrometry. Findly, the location of these proteinsin the cdll could be determined
using light microscopy. This paradigm has the potentid to identify many targets for drugs or other
therapeutic measures.

Rout MP, Aitchison JD, Suprapto A, Hjertaas K, Zhao Y, Chait BT: The yeast nuclear pore complex: composition,
architecture, and transport mechanism. Journal of Cell Biology, 148(4):635-51. 2000.
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Most Common Type of Non-Hodgkin's Lymphoma is Actually Two Diseases,
Powerful New Genetic Analysis Tool Reveals

Background: Lymphomas, which include Hodgkin's disease and non-Hodgkin's lymphoma, are the
fifth most common type of cancer diagnosed and the sixth most common cause of cancer-related death
in the United States. Non-Hodgkin's lymphoma s the more common of the two basic lymphoma types.
This disease — often painlessin its early stages— may occur in asingle lymph node, agroup of lymph
nodes, or in another organ, and can spread to amost any part of the body, including the liver, bone
marrow, and spleen. The most common type of non-Hodgkin's lymphomais an aggressive cancer
cdled diffuse large B-cdll lymphoma (DLBCL). Forty percent of patients with adiagnosis of DLBCL
are cured by standard multi-agent chemotherapy. A compelling clinica problem in the trestment of this
disease has been why the remaining 60% of patients fail to respond to chemotherapy.

Advance: Using a powerful new research tool that can record the expresson patterns of thousands of
genes at once, NIH-supported investigators have shown that DLBCL is actually two distinct diseases.
They began by usng NIH's Tumor Gene Index database, a publicly available catdogue of genes
expressed in various normal and cancerous cells, to identify more than 15,000 genes that are uniquely
expressed in B cdls. These genes were arrayed on a specidized microchip — dubbed a“Lymphochip” —
along with about 3,000 other genes. Analysis of the expression patterns of the Lymphochip genes with
DNA microarray technology revealed two very distinct patterns of gene expression in samples of
DLCBL —asgnd that the researchers were looking at two disease subtypes. A pilot study of 42
patients with DLCBL showed that individuas responses to chemotherapy differed strikingly by disease
subtype: 75% of patients with one subtype, termed “ GC B-like,” were dive after 5 years, whereas
fewer than 25% of those with the other subtype, named “activated B-like,” survived for 5 years.

Implications: This study clearly demongtrates that gene-expression profiling technology can define
distinct molecular subtypes of common tumors. It points the way to a future when cancer can be
diagnosed and treated based on well-characterized biologica differences among tumor cdlls. These
biologicd differences will enable doctors to more accuratdly predict how aggressve atumor will be. An
understanding of these biological differences may aso alow the development of new and possibly more
effective thergpies tailored to the characteristics of an individua's disease.

Alizadeh AA, Eisen MB, DavisRE, etal: Distinct types of diffuse large B-cell lymphomaidentified by gene
expression profiling. Nature, 403(6769):503-11. 2000.
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I solation, Purification, and Multiplication of Adult Neural Stem Célls

Background: Stem cells can reproduce themselves and can form more specidized cell types.
Embryonic sem cdls giveriseto dl cdl types of the body, while sem cell typesin the adult may
normally have a narrower range of fates — restricted, for example, to only blood or brain cells. What
these more redtricted cells might be persuaded to do artificidly is an open question. Perhaps an equally
important question is what role do these cdlls play in normd brain function.

Advance: In recent years, scientists have demondtrated, surprisingly, that new nerve cells can arisein
the adult human brains, so some types of stem cells are probably present. However, studiesto
characterize the cgpahiilities of the proliferative cells and the sgnds that control them require methods to
isolate, purify and multiply these cells. Inthelast year, scientists reached thisgoa using brain tissue
removed during thergpeutic surgery. The techniques for isolating and multiplying the human cdls rely
upon avariety of genetic manipulations, labeling techniques, and cell culture methods developed in
studies of mouse stem cdlls. Taken together these studies suggest that the adult human brain harbors a
complex population of stem cdlls that can giveriseto nerve and glid cells under appropriate culture
conditions.

Implications: These studies are an important step toward better understanding adult neura stem cells
and developing stem cdll therapies. Thewide array of diseases for which stem cell thergpies seem
plausble arises from the remarkable verstility of these cdls. Replacing lost nerve cdlls, replacing glid
(supporting) cells, releasing growth factors, providing missing enzymes, and bridging physical obstacles
to regeneration are just a sampling of the possibilities.

Beyond transplantation thergpies, an equally important aspect of adult sem cell researchis
understanding the normd role of these cellsin the brain and what the resident stem cells might be
coaxed to do to repair damage. Scientists have dready shown that physica exercise, stress hormones,
learning, and brain trauma al affect the proliferation of brain cdls, so adult neural slem cdlls must
respond to many sgnding molecules. Studying purified populations of adult human stem cdlsin culture,
linked with experiments on sem cells within animals brains, should foster progressin this areaas well.

Roy NS, Wang S, Jiang L, et a: In vitro neurogenesis by progenitor cells isolated from the adult human hippocampus. Nature
Medicine, 6(3):271-7. 2000.

Roy NS, Benraiss A, Wang S, et a: Promoter-targeted selection and isolation of neural progenitor cells from the adult human
ventricular zone. Journal of Neuroscience Research, 59(3):321-31. 2000.

Wang S, Roy NS, Benraiss A, Goldman SA: Promoter-based isolation and fluorescence-activated sorting of mitotic neuronal
progenitor cells from the adult mammalian ependymal/subependymal zone. Developmental Neuroscience, 22(1-2):167-76. 2000.

Roy NS, Wang S, Harrison-Restelli C, et a: Identification, isolation, and promoter-defined separation of mitotic oligodendrocyte
progenitor cells from the adult human subcortical white matter. The Journal of Neuroscience, 19(22):9986-95. 1999.
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Kukekov VG, Laywell ED, Suslov O, et al: Multipotent stem/progenitor cells with similar properties arise from two neurogenic
regions of adult human brain. Experimental Neurology , 156(2):333-44. 1999.
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Cochlear Implants

Background: The cochlear implant is the only sensory neurd prosthesis in widespread clinical use.
This device converts sound into eectrica impuses simulaing an array of dectrodes which have been
aurgicaly inserted into the inner ear, bypassing the inner ear hair cells and simulating the auditory nerve
directly.

Over 20,000 Americans with profound hearing impairment have received cochlear implants.
Approximately one-haf of the current cochlear implants recipients are children. The choice of a
cochlear implant implies adesire on behdf of the parents to have the child fully participate in the hearing
world, with spoken language skills. One of the expected benefits of cochlear implantation in childrenis
the acquigition of spoken language. Recent data have shown that in addition to gainsin spoken
language, shown over the past severa years, improvements in speech perception and speech production
are dso seen in children with cochlear implants; resulting in improved language and reading

performance.

Advance: The cogt effectiveness of cochlear implants in children has been questioned due to the high
cost and difficulty comparing it to other medica interventions. A recent cost-utility anayss was
performed for the cochlear implant use in children. Various outcome measures were used and the
information was collected from parents of profoundly deaf children who had, or had not, received a
cochlear implant. The cochlear implant was found to be cost-effective, providing hedth benefitsin
children at reasonable costs and results in anet savings to society.

Two new aress of investigation are being initiated: binaura implants, and a short eectrode implant.
Binaura implants, or implantsin both ears, provide a potentia avenue for better speech perception in
noise, while the short dectrode is being designed to be used as an adjunct in experienced, yet
unsuccessful, adult hearing aid users with severe-to-profound hearing impairment.

Implications: As technology continues to provide advances in cochlear implant design, additiona
populations of individuas will have the potentid to benefit from these remarkable devices.

Cheng AK, Rubin HR, Powe NR, et al: Cost utility analysis of the cochlear implant in children. The Journal of the
American Medical Association, 284(7):850-6. 2000.
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Early Identification of Hearing | mpair ment

Background: The NIH continues to support research focusing on early identification of hearing
impairment and recently completed an initiative calling for research grants to support clinica research.
In 1998, a Working Group on Early Identification of Hearing Impairment provided advice on the most
important unresolved issues concerning diagnostic and intervention strategies following neonata hearing
screening. A Program Announcement was published requesting grant applications focusing on
intervention strategies including: methods for fitting hearing aids, cochlear implants and other sensory
ads, behaviora trestment programs; development of outcome measures to determine the benefit of
intervention strategies, and sudies on the efficacy of intervention. Four grants were awarded the first
year, which address optimization of fitting hearing aids in infants, auditory development in early amplified
children, evduating speech thergpy in toddlers, and studying the effects of very early cochlear
implantation on language. Thisinitiative has provided a funding opportunity for clinical research to
resolve questions about how to intervene when hearing impairment isdiagnosed in an infant. As
neonad hearing screening advances, new questions are emerging. Diligence in training an adequiate
pool of research dinicians remains critical to future endeavors.

Advance: Oneinvestigator has examined the relaionship between age of enrollment in intervention and
language outcomes in agroup of deaf and hard of hearing children. Significantly better language scores
were associated with early enrollment. Children enrolled before 11 months of age had stronger
vocabulary and verba reasoning skills a 5 years of age than did children enrolled & alater time. High
levels of family involvement corrdaed with positive language outcomes, and conversdly, limited family
involvement was associated with sgnificant language delays at 5 years, especialy when enrollment
began later in childhood.

Implications: These results provide further evidence that children will benefit when early identification
of hearing lossisfollowed by an early intervention srategy thet actively involves families.

Moeller MP: Early intervention and language development in children who are deaf and hard of hearing. Pediatrics,
106(3):E43. 2000.
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Development of a High-fidelity Gene Amplification Method Allows Quantitative M easur ements
of Biological Functions Using Minimal Amounts of Living Tissues

Background: Biologica sciences differ from more pristine disciplines such as mathematics and physics
in that in the latter, theories seem to precede observation while in the former, observations struggle for a
long time before they can be organized into universally accepted theories. Thisis because life results from
a complexity of chemical and physical interactions linked by an ancestral code of about 100,000 data points
called genes. Genes are the recipes of life, and complex interactions among those activated in relation to
an illness are the basis of how diseases begin, progress and respond to treatment. Treatment of human
diseases has traditionally targeted single genes empirically believed to be of relevance. However, this
approach has been largely unsuccessful because of lack of aglobal view of the biological processes
underlying the disease. With the completion of the human genome project, the book of life recipesis
avallable. Yet, little is known about how genes interact with each other in sickness or in health.

Microarray is a new technology that identifies genes coordinately activated during abiological process:
crucia information for capturing the physiology of diseases and identify their Achilles’ hedl.

Advance: The large amount of RNA (the unit coding each gene) necessary for conventional microarrays
has limited their utilization. To amplify RNA from minimal quantities of source materia, scientists
combined two powerful techniques for RNA amplification into a new method that yields 100,000-fold
increase of source material while maintaining proportional the amount of each RNA type (each specific
for aparticular gene). Thus, the amplified RNA can be used to quantify how much of each species of
RNA (gene) is present in the original material which is, in turn, proportiona to the function of that gene.
This technique broadens the utilization of cDNA microarrays to experimental conditionsin which starting
materid isthe limiting factor.

Implications: Direct study of living organisms is often limited by the amount of material obtainable. This
is particularly true for human diseases where acquisition of biologicaly relevant materia is limited by
clinical, practica and/or ethica consderations. Similarly, research involving smal organisms, embryos or
feta tissuesis limited by the extraordinary small amount of RNA obtainable. This method alows the use
of single cdllsfor large studies involving microarrays. By aspirating cells from metastases (malignant
growths) with afine needle, scientists could follow the progression of events during immune treatment of
patients. The scarce material obtainable by needle aspiration could be amplified to yield enough RNA to
study the activation of thousands of genesin tumors at different time points using array technology. This
alows the identification of 17 genes out of thousands associated with response to treatment, most of them
with immune function dramatically narrowing to a defined category of biologica events tumor immune
responsiveness. This approach may hasten the study of biological processes associated with tissue
development and with disease.

Wang E, Miller LD, Ohnmacht GA, Liu ET, MarincolaFM: High-fidelity mRNA amplification for gene profiling. Nature
Biotechnology , 18:457-9. 2000.

Wang E, MarincolaFM: A natura history of melanoma: serial gene expression analysis'. |mmunology Today, 21(12):619-23.
2000.
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“Virtual Colonoscopy” One Step Closer to Routine Clinical Use

Background: Colon cancer is the second leading cause of cancer desth in Americans. Colonic polyps
(smdl growthsin the wdl of the colon) are thought to be precursors to colon cancer. The best test
currently available for detecting and treeting colonic polypsis colonoscopy. However, it is expensve
and uncomfortable and only afraction of Americans have it done despite hedth guiddines
recommending it after age 50. Radiologists have spent the past Six years investigating a new way to
diagnose colonic palyps, caled computed tomography (CT) colonography or “virtua colonoscopy.” In
virtua colonoscopy, the patient undergoes a CT scan of the abdomen and pelvisto look at the colon.

A smdl tubeis placed into the patient’ s rectum and the colon is distended with air. Thetest takesonly a
few minutes. Surveys have shown that many patients prefer virtua colonoscopy over conventiona
colonoscopy.

Advance: Researchersat NIH have taken the first step towards developing a computer agorithm that
andyzesthe CT scan and locates possible polyps automatically. The computer dgorithm creates a
three-dimensonad modd of the patient’s colon. Then the computer ingpects each of hundreds of
thousands of points on the mode of the colon to look for small protrusions which could represent a
polyp. Using various criteria, the dgorithm prunesthe list of possible polyps to a manageable few and
reports these to the physician. Researchers have proven feashility of this dgorithm on a computer
amulation of colonic polyps derived from human virtua colonoscopy deta. They are currently validating
the algorithm on virtua colonoscopy studies of patients with known polyps.

Implications: Virtua colonoscopy needs to be cost-effective and accurate if it is to be widely used.
One mgjor barrier to cost-effectivenessisthat it takes a physician anywhere from 10 to 60 minutesto
interpret avirtual colonoscopy study. One major barrier to accuracy is perceptive error (the physician
does not locate a polyp that can be seen in retrospect). A computer algorithm such as the one we have
described could address these barriers to cost-effectiveness and accuracy. The dgorithm would
prescreen the colon for polyps thereby reducing interpretation time and increasing accuracy of polyp
detection. The god: atest that patients prefer and that reduces suffering from colon cancer.

Summers RM, Beaulieu CF, Pusanik LM, et al. An automated polyp detector for CT colonography: feasibility study.
Radiology, 216(1):284-90. 2000.

Lumke HU, Vanier MW, InamuraK, et a: Computer assisted radiology and surgery(CARS). San Francisco, CA:
Elsevier Science, 785-789. 2000.
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M agnetic Resonance Angiogr aphy Displays
Small Vessels Without Invasive Catheterizations

Background: Arteriograms are radiologic studiesin which direct punctures of the arteries are
performed to insert catheters through which contrast mediaiisinjected at high rates. Such studies are
invasve and can cause vascular injury. A new method of displaying arteries based on magnetic
resonance imaging, known as MRA for magnetic resonance angiography, has been developed which
requires only aminimdly invadve intravenous injection. This study, which can be performed within
minutes, is beginning to replace conventiond arteriography of large vessels like the aorta; however, it
has not yet proven useful for identifying smdler vessds

Advance: Researchers at NIH have developed a computer program, which autometically tracesthe
course of avessd on aMRA from its origin to itstermination. Using this technique, dubbed
“skeletonization” the user defines the origin and end of the vessdl and the agorithm identifies the center
of the vessel as a colorized three-dimensiond modd, dlowing the physician to see the course of smdler
vessels within structures such asthe liver, spleen and legs. Individua vessds can be identified by their
differing colors.

Implications: ldentification and digplay of samdler arteries within the body will dlow magnetic
resonance angiography to be used in place of conventiona angiography in amogt al cases. Compared
to existing methods of image display, skeletonization offers a quick, comprehensive synopsis of vascular
anatomy. This advance opens new opportunities for additiona methods of vessel display incorporating
not only anatomic information but aso flow information and identification of atherosclerotic plagques or
hardening of the arteries, which leads to blockage of vessdls. A family of such computer programs,
which enhance vessd display, entitled “Vessdlize,” is being developed for desktop persona computers
which will dlow this technology to disseminate into generd use.

ChoykePL, Yim P, MarcosH, Ho VB, Mullick R, Summers RM: Hepatic MR Angiography: A Multiobserver
Comparison of Visualization Methods. American Journal of Roentgenology, 176.February 2001.

Yim PJ, Mullick R, Choyke PL. Vessdlize: asystem for analysisand visualization of magnetic resonance
angiography. Journal of Digital Imaging, 13(2):219-20. 2000.

Zeh H, Choyke PL, Alexander HR, et a: Gadolinium enhanced 3D MRA prior to isolated hepatic perfusion for
metastases. Journal of Computer Assisted Tomo graphy, 23(5):664-9. 1999.
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Improved Integration of Data from Multiple Gene M aps
Leadsto Better Localization of Human Genetic Markers

Background: Radiation-Hybrid (RH) maps have been vitd to the human genome sequencing project

by providing gene sequencers with landmarks to guide their efforts. Severd independent RH maps have
been produced, such as the GB4 and G3 maps used in GeneM ap99, which included more than 35,000
humean gene-based markers congtructed by the International Radiation Hybrid Mapping Consortium and
made available for searching by the NIH. These various maps, however, use different markers and do
not dways place common markersin the same order on the human sequence. A composite map of

data from severd RH maps was needed to provide sequence landmarks at a higher density and of
greater accuracy than any single RH map.

Advance: Radiation-Hybrid maps are linear sequences of DNA markersthat are oriented with respect
to one another using their RH vectors. The smdler the difference between two RH vectors, the nearer
the corresponding markers are to one another in the DNA sequence. The linear sequence of markers
on amap is estimated by choosing an order which minimizes the sum of the differences between the RH
vectors of each pair of consecutive markers on the map. Classica ordering algorithms produce a
“good” ordering but thisis not guaranteed to be the best and improvements are possible. The current
advance was achieved by combining data from more than one independent RH marker set and gpplying
an dgorithm caled CONCORD, an adaptation of an agorithm commonly used to solve a mathematical
conundrum known as the “ Traveling Slesman” problem. The CONCORD agorithm produces a
combined RH map having a higher dengty of markers and alower average RH-vector distance than
that of any sngle RH map.

Implications: The higher qudlity, higher densty RH-map produced using the CONCORD method will
enable the remaining portions of the human genome to be placed on the existing human gene map with

greater accuracy. In addition, the combined map can be used to precisely identify genes known to be

associated with RH markers. Thiswill be of great help to disease-gene hunters.

AgarwaaR, Applegate DL, Maglott D, Schuler GD, Schaffer AA: A fast and scal able radiation-hybrid map
construction and integration strategy. Genome Research, 10(3):350-64. 2000.
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LocusLink and RefSeq Databases Simplify Integrated Retrieval of Genomic Infor mation

Background: As the number of human gene sequencesin the NIH's GenBank DNA sequence database
continues to grow, it becomesincreasingly difficult to choose a representative sequence for a particular
gene. Because GenBank is a comprehensive and archival data repository, there can be many duplicate
or overlapping sequences in the database for a given gene, each submitted by a different laboratory.
The number of different database resources containing discrete pieces of genomic information is aso
growing rapidly, making it difficult for scientists to form a complete picture of what is known about a
gene without consulting a diverse set of resources on an ad hoc basis.

Advance: NIH has devel oped two integrated resources to address these problems — RefSeq to
provide a single standard reference sequence for each human gene, and LocusLink to serve as a centra
hub that links the diverse information resources pertaining to each gene. Together they provide grestly
improved methods for organizing and disseminating genomic information.

RefSeq is a database containing curated human and non-human mRNA sequences, each intended to be
the best representative sequence for aparticular gene. To produce a Ref Seq entry, the most complete
version of agene sequenceis chosen from GenBank to serve as an initid provisond sequence to
represent that gene. The provisiona sequence may then be edited and extended with data from other
sources to produce a standard reference sequence of the highest quality and greatest length possble. A
companion protein reference sequence is aso created to represent the protein product of the gene. The
Ref Seq record is then further enhanced with additional biological annotation not found in the origind
GenBank record. The result is a compact database of highly reliable sequences with superior
annotation. RefSeqisavallable at: hitp:/mww.nchi.nlm.nih.gov/LocusLink/refseg.html

LocusLink is adatabase that draws together information on human genes, as well as those from other
organism. A LocusLink gene report includes information on reference sequences, map locations,
synonyms, associated disease names and phenotypes, clinical synopses, three-dimensond structures for
protein products, and more. The LocusLink database can be queried usng amogt any item if
information contained within it. LocusLink isavailable a:  http:/mww.nchi.nim.nih.gov/LocusLink/.

Implications: Arriving a a representative sequence and a comprehensive collection of information
relating to a single human gene has now been greatly smplified. With the advent of RefSeq, researchers
no longer have to examine and choose between a dozen nearly identical gene sequences before
beginning a sequence andlysis project. By using LocusLink, researchers can easily access the diverse
aray of information pertaining to a disease-associated gene, such as map locations, marker linkages,
clinica synopses, and protein modeing templates for drug design. The integration of resourcesin
LocusLink will not only save the research community time but will present researchers with a broad
band of information, much of which they might otherwise be unaware. The combination of RefSeq and
LocusLink will accelerate the rate a which the genes comprising the human genome are understood.
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Pruitt KD, Katz KS, Sicotte H, Maglott DR: Introducing RefSeq and locuslink: curated human genome resources at the NCBI.
Trendsin Genetics, 16(1):44-7. 2000.

Maglott DR, Katz KS, Sicotte H, Pruitt KD: NCBI'slocuslink and RefSeq. Nucleic Acids Research, 28(1):126-8. 2000.
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ClinicalTrials.gov

Background: The FDA Modernization Act of 1997 required the Department of Hedlth and Human
Services, through the NIH, to establish aregistry of clinicd trids for both federaly and privately funded
trids"of experimenta trestments for serious or life-threatening diseases and conditions’, thereby
broadening the public's access to information about clinical tridsto a broad range of diseases. (Section
113, Information Program on Clinica Tridsfor Serious or Life-threatening diseases, Food and Drug
Adminigtration Modernization Act of 1997, Public Law 105-115, 105th Congress.).

Advance: ClinicalTrials.gov was launched on February 29, 2000. The system currently contains
information on more than 5,000, primarily NIH sponsored, clinicd trids. Clinical Trials.gov provides
patients, families and members of the public easy accessto information about the location of clinica
trids, their desgn and purpose, criteriafor participation, and, in many cases, further information about
the disease and trestment under study. There are dso contacts to individuas responsible for recruiting
participants for each study. Other information in the database that may help a patient decide whether to
enroll in aparticular trid includes the research study design, the phase of thetrid, the disease or
condition, and the particular drug or thergpy under study.

The system isfredly available over the World Wide Web, and patients and others are able to search
and browse the system in avariety of ways. They may choose to browse the system by looking, for
example, a alist of disease names, or at alist of sponsors. Alternatively, they may prefer to interact
with the system by entering aword or a phrase that the system searches across the entire database. Or,
they may wish to narrow down their searches by looking for trids on their specific disease that are being
conducted in a particular location.

Clinical Trials.gov islinked to the online medica literature and other related health resources. If a study
has been completed and the investigators have published the results of their research, then these link to
NIH's MEDLINE database, which contains almost 10 million references to articles in some 4,000
journasin the hedth sciences. Clinical Trials.gov isdso dosdly linked to NIH' s consumer hedlth Site,
MEDL INEplus, which makes available information on more than 400 health topics. NIH has many
other online sources of hedth information, including dictionaries, reviews of recent research results, and
other educational materias. Links to these resources may be helpful to patients and others who would
like to get a better understanding of what isinvolved in aclinica trid, what the standard therapy for a
particular disease is, or even to better understand the disease itself.

Implications: Clinical trids are medical research studies that seek to evauate the safety and
effectiveness of new drugs, medica procedures, or other means of tregting, diagnosing, or preventing
diseases. Thistype of research helps investigators learn how different people respond to medications or
other thergpeutic gpproaches, and such investigations may lead to new or improved trestments. Trids
are conducted when there is no proven trestment for a specific disease, or to test which treatment
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works best for a particular disease or condition. Patients may want to participate in aclinicd trid for a
variety of reasons. Mogt often they are hopeful that the experimental trestment will help them. Many
patients who participate in clinica trias believe in the importance of medica research, and, after
weighing the benefits and possible risks of participating in atrid, decide to participate because this
alows them to contribute personally to a possible cure or better trestment for their disease.

Clinical Trials.gov provides asingle place for patients and others to come to find information about
clinica trids. Such asystem has never before been available. People now have acentrd, easly
accessible source of information for clinica trials no matter where the triads are being conducted, what
the particular drugs or diseases under study are, or who is sponsoring the trids.

McCray AT, Ide NC: Design and implementation of anational clinical trials registry. Journal of the A merican
Medical Informatics Association, 7(3):313-23. 2000.

http://www.nih.gov/health/clinicaltrials
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Profilesin Science

Background: The NIH is making the archiva collections of pioneering biomedical scientists of the 20th
century available on its Profiles in Science Web site. The site promotes the use of the Internet for
research and teaching in the history of biomedical science. The collections have been donated to NIH and
contain published and unpublished items, including books, journa volumes, pamphlets, diaries, letters,
manuscripts, photographs, audiotapes, video clips, and other materials.

Advance: Each digita collection on the Profiles in Science site consists of two mgjor parts. Firstisan
exhibit, composed of introductory narratives on the scientist's life and work and between 60 and 75
noteworthy documents (text, audiotapes, video clips and photographs). The exhibit is particularly designed
for students and those with little background in science. The second part consists of additional documents
from the scientists papers, available through a search engine and in aphabetical and chronological

“views.” In addition, for the Joshua Lederberg collection, the donor has provided commentary in the form
of annotations to individua documents.

The site was launched in September 1998 with a selection of papers devoted to the life and work of
Oswald T. Avery (1877- 1955). Avery was afounder of modern molecular biology and the first person to
establish that genetic information is encoded in DNA.

In March of 1999, the site was expanded with the release of a portion of the extensive Joshua Lederberg
(b. 1925) collection. Thisdigital archive reflects Lederberg's work in bacteria genetics, artificia
intelligence, exobiology, biologicd warfare, and public hedth, aswell as hisrole as a public figure in issues
of science and society. Lederberg received the Nobel Prize in 1958 for *his discoveries concerning
genetic recombination and the organization of the genetic materia of bacteria.”

In November 1999, a selection from the papers of Martin Rodbell (1925-1998) was posted. Rodbell was a
biochemist and molecular endocrinologist who shared the Nobel Prize in 1994 for the discovery of
“G-proteins and the role of these proteins in signal transduction in cells.”

In May 2000, the Julius Axelrod (b. 1912) collection was made available. Axelrod is a pharmacologist and
neuroscientist who shared the 1970 Nobel Prize for the discoveries “concerning the humoral transmittors
in the nerve terminals and the mechanism for their storage, release and inactivation.” New collections are
continualy being processed and will be added as they are ready.

Implications: The Profilesin Science site is a growing resource for students, educators, and
researchers. The site makes the successes of science readily accessible to anyone who isinterested in
the scientific process and in the people who have dedicated their lives to scientific discovery. The
collections are particularly strong in the areas of cellular biology, genetics, and biochemistry, but also
reflect issues in such areas as health and medical research policy, the application of computersin
medicine, science education, and the search for extraterrestrid life.

http://profiles.nim.nih.gov/
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Development of a New Technique for Examining Different Structuresin the Eye

Background: Throughout the higtory of studiesin biologica science and medicine, imaging of organs
and tissues has been essentia for diagnostic and therapeutic purposes. The development of new
methods for visuaizing norma and pathologicd tissuesis critica for advancing our understanding and
treatment of diseases. Opticd Coherence Tomography (OCT) is an imaging technique that is analogous
to ultrasound because two-dimensiond images of structuresin the body are obtained non-invasvely.
Unlike ultrasound, which uses sound waves, OCT usesinfrared light to probe the Structures of interest.
The use of light rather than sound permits acquidition of clearer images with excelent spatia resolution
(~ten micrometers). The high resolving power of OCT and its versatility permit its adgptation to awide
variety of problems. Itis particularly wel suited to applications in ophthamology becauseit is nor+
contact, adaptable to ophthamic indrumentation, and permits imaging structures at different depths
within the eye.

Advance: OCT isardatively new imaging technique, and a great ded of developmenta work
continues. Scientists have produced a new signa processing approach called Color Doppler OCT that
permits acquigtion of images at higher speeds combined with greater resolution than previoudy
achieved. Theincreased acquistion rate will eventudly permit visudizing moving structures without any
delay in processing. In addition, anove hand-held OCT probe was developed that is smdl and easily
manipulated by the examiner. When combined with the higher speed of image acquisition, this
indrument could image the front of the eyein red-time. Scientists are now able to see various detailed
features of the cornea, the clear tissue in the front of the eye. These include the outermost corned cell
layer (the epitheium) and deeper layers of the cornea below the epithelium.

Implications: Red-time, high resolution OCT imaging of the structuresin the front of the eye may be
useful in evauating avariety of sructurd causes of glaucoma overcoming the technica barriers that have
heretofore existed. Similarly, high speed data acquisition combined with the outstanding spetid
resolution of OCT will enable imaging of the retind microcirculaion nearly in red-time. Thiswill be of
tremendous vaue in diagnosing avariety of macular diseasesin anon-invasve manner. For example, in
diabetic retinopathy, pathologica blood vessds impinge on the retina, eventualy destroying vision.

OCT will permit earlier detection and treatment yielding a better outcome and improved sght over the
long-term.

Y azdanfar S, Rollins AM, Izatt JA: Imaging and velocimetry of human retinal circulation using color doppler optical
coherence tomography. Optics L etters, 25:1448-50. 2000.
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Development of a Multimedia Educational Tool About
the Human Genome and Geneticsfor Students and the Public

Background: It iswell documented that sciertific literacy, and genetic literacy in particular, arelow in
the U.S. In an effort to make the Human Genome Project and genetic research more accessible and
interesting, NIH is cregting a multimedia kit, entitled “The Human Genome:  Exploring our Molecular
Selves.” Its development was driven by the motivation to build genetic literacy and to share the
excitement and awe of the human genome.

Advance: Thekit is designed to educate, engage, and excite users about the human genome and
genetics. The primary target audience is high school students though a much broader use with college
sudents, voluntary hedlth organizations and the generd public is anticipated. This project is being co-
sponsored by the NIH, Department of Energy, Howard Hughes Medica Indtitute, Pharmaceutica
Research and Manufacturers of America (PhRMA), and the journds Science and Nature. The kit will
be released with publication of the human sequence data.

The kit includes a multimedia CD-ROM, 15-minute video documentary, wall poster of the genome, and
aninformationa brochure. The video documentary shares the excitement of unlocking the secrets of the
genome by tracing the development, evolution and impact of the Human Genome Project and genomics
research through the words of leaders in human genome research. The CD-ROM conssts of Six
eements

A 3-D molecular animation, rich images and “date- of-the-art” visua techniques,

An Interactive, comprehensgive timeline with over 90 key events and milestones in genetics;
An animated segment with narration on “how to sequence a genome”

A variety of classroom activities,

A ssgment addressing ethical and societd issues, and

A new edition of NHGRI's talking glossary of genetic terms.

Implications: Knowledge of the human genome is increasing exponentidly. The gpplication of this
knowledge to improve health and medicine and expand our understanding of ourselves as a species and
as communities, families, and individuas will be profound. To maximize the benefits and to ensure
informed public and persona decision making about science, medicine and policy, the public must
understand basic concepts of genomics and genetics.

Oncereleased, the kit will be accessible at: http://www.nhgri.nih.gov/educationkit
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Accumulation of Cdlular Iron:
A Likely Culprit in Degener ative Diseases of the Nervous System

Background: Ironis necessary to transport oxygen throughout the body and is the primary determinant
of how much oxygen reaches and is used by dl the cdls. However, iron levels have to be maintained in
addicate baance. Whiletoo little iron leads to reduced availability of oxygen throughout the body, too
much iron istoxic to the cells and may cause or aggravate awide variety of diseases. For example, iron
toxicity isthought to be a factor in the development of diseases such as atherosclerosis or chronic
hepatitis. The NIH has been aleader in discovering how iron istaken into the cellsand how it is
sugtained at congtant levels.

Iron uptake and storage is controlled by a number of proteins. Scientists have identified many of the
proteins involved in maintaining normd iron levels and have increased their understanding of how these
proteins functions are regulated. Clinicians dso know that iron accumulates in nerve cells that are
damaged, and researchers have hypothesized that excess iron might play arolein such diseases as
Parkinson’'s and Alzheimer’ s Diseases. However, it is difficult to distinguish cause and effect, i.e, isthe
excessiron the cause or the result of the disease process?

Advance: Recently, scientists tested the effects of inactivating of one of the proteinsthat is responsible
for iron metabolism in a geneticaly-atered mouse modd. The result was mice that displayed
progressive symptoms of neurologica degeneration that closaly pardlded those of a human condition
known as Multiple System Atrophy (MSA). These mice dso showed anorma accumulation of ironin
neurons and other nerve cells within specific locations in the central nervous system, similar to the
increased iron accumulation reported in the centra nervous system in humans with MSA.

Implications. The fact that iron accumulates in nerve cdls long before the cdls die, srongly suggests
that iron is the cause rather than the result of impaired neurd function. This finding could have
implications for diagnosing and tresting awide range of diseases of aging. Furthermoreif the ingbility to
regulate cellular iron levelsisindeed involved in degenerative diseases of the nervous system, then this
mouse mode will be very useful in developing thergpiesto reduce iron levels. Drugsthat bind excess
iron and render it harmless are dready in use to treet iron overload in the liver and heart. Effortsare
under way to design smilar drugs that can cross the blood-brain barrier to prevent neurona damage.
Thisanima modd will be very vauable for testing such drugs, which may ultimately provide a trestment
for many devadtating progressive neurological diseases.

Lavaute T, Smith S, Land W, et al: Targeted deletion of iron regulatory protein 2 causesiron overload and
neurodegenerative disease in mice. Nature Genetics (in press).
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A Simple, Inexpensive Method for Deter mining
Prognosisin B Cell Lymphocytic Leukemia

Background: Theleukemias are cancers that affect various types of blood cells. Some types of
leukemia attack blood cdlls caled lymphocytes, which play an important role in the body’ s immune
response. Leukemias are classfied according to their clinica course as either acute or chronic. One of
the chronic lymphocytic leukemias, B cdl chronic lymphocytic leukemia (B-CLL), isthe most common
type of leukemiain the Western world. About 7,500 individuds develop and 5,000 die from B-CLL
each year. The disease especidly strikes older adults, increasing in incidence with each decade of life
after 40, and affects nearly twice as many men aswomen Once a patient has developed B-CLL, the
disease may take any of anumber of different courses. Some patients survive for long periods without
needing definitive therapy, whereas others decline rapidly and die despite recelving aggressve trestment.
Sophidticated genetic techniques can be used to determine the extent of the disease, information that is
useful in determining the clinical course it islikely to take. These genetic tests, however, are labor
intensive, expensgive, and not widdly available. Clinicd diagnoss, trestment, and prognosis for B-CLL
would be greetly facilitated by a smpler technique that could be used rdaively easly and inexpensvedy
in most hospitals. Now NIH-supported researchers have devel oped a technique that may fit the hill.

Advance: Currently, B-CLL can be staged by using genetic techniques to determine the presence or
absence of mutationsin a part of the gene known as the immunoglobulin variable (V) region. Patients
whose tumor cdlls do not have mutations in this region have a poor prognos's, whereas the outlook is
better for those with mutated V region genes. Making this determination, however, requires highly
skilled technicians and sophisticated equipment. The investigators used flow cytometry, areatively
smple technique available in many hospitas, to look at proteins on the surfaces of cancerous B cdlls.
What they discovered concerned the CD38 protein, which resides on the surfaces of B-CLL tumor
cdls. Theinvestigators found that the dengity of this protein on cell surfaces was directly proportiond to
the degree of V region gene mutations— and the clinical course of the patient’ s disease.

Implications: Instead of looking for genetic mutations to determine clinica stage of B-CLL, flow
cytometry can be used to determine the density of CD38 protein on cell surfaces. Inturn, CD38
density serves as an indicator of the degree of mutation. This assay, which can be performed smply
and relatively inexpensvely in most hospitas equipped with aflow cytometer, holds promise for
enabling clinicians to more accuratdly assess the stage of B-CLL and its prognogs, thereby aiding in
tailoring more effective treatments for these patients.

Damle RN, Wasil T, FaisF, et a: gV gene mutation status and CD38 expression as novel prognostic indicatorsin
chronic lymphocytic leukemia. Blood, 94(6):1840-7. 1999.
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How Cells Engineer Connective Tissue Matrix

Background: Cdlsin our body’stissues arein contact with neighboring cells and the connective tissue
matrix that is layered between cells. Made up of proteins, this mesh like matrix provides adructurein
which cells can move, grow, and organize into tissues. Bt little is known about how cells produce and
organize protein fibersto create this connective tissue matrix. One of the matrix proteins, caled
fibronectin, plays a crucid role in norma embryonic development and wound heding. However, it dso
contributes to the development of fibros's, or excess connective tissue, and scar tissue. Additionaly,
fibronectin is thought to be involved in the spread of cancer. Because of its many rolesin the body, it is
important to understand how this protein functions.

Advance: NIH researchers have discovered the biological machinery that cells use to creete fibronectin
fibers. The machinery uses an escdator-like movement that works like this: fibronectin receptors caled
integrins move dong filament “tracks’ (insde the cell) using another protein called tensn. The motion of
the integrins and tenains appears to stretch fibronectin (on the outer surface of the cell) into long fibers.
These fibers then become organized into a three-dimengond matrix. The scientists dso found that
severd different drugs hat or accelerate the integrin motion and the subsequent creation of fibronectin
fibers.

Implications: Knowing how fibronection fibers are created, scientists may one day be able to control
or mimic the process. This could ad in tissue engineering procedures, provide new approaches for
reducing fibrosis and scarring, and lead to the development of new techniques for stopping the spread of
cancer a the molecular leve.

Pankov R, Cuikierman E, Katz BZ, et a: Integrin dynamics and matrix assembly: tensin-dependent transl ocation of
asf3; integrins promotes early fibronectin fibrillogenesis. The Journal of Cell Biology, 148(5):1075-90. 2000.

Zamir E, Katz M, Posan Y, et al: Dynamics and segregation of cell-matrix adhesionsin cultured fibroblasts. Nature
Cell Biology, 2(4):191-6. 2000.
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New Genetic System for Following Cranial Neural Crest Célsin Mice

Background: Neura crest cells are multipotential stem cells (individud stem cdlls that can clondly
produce dl of the different cdll types and are sdlf-renewing) derived from the neurd tube, that is, the
epithdid tube in the embryo that forms the central nervous syssem. They migrate extensively during
vertebrate development and give rise to awide variety of cdl and tissue types. In mammads, studies of
thefina destiny of migrating neurd crest cells have been hindered by the lack of an effective marker that
would permit clear identification of these cdlls as they migrate and develop.

Advance: A neurd crest reporter gene (Wntl) has dlowed scientists to track neurd crest cellsin mice
during part of their migration. Researchers have now developed a two-component genetic system
which indludes modifying Wnt1 and adding a second gene (ROSA26) which is turned on after Wntl
switches off. This has alowed them to follow the migration and differentiation of mouse cranid neurd
crest cdlsto thar find destination. They found that crania neurd crest cdls contribute to the formation
of teeth, other craniofacid structures, and elements of the cardiovascular system.

Implications: This new mode provides avauable tool that will lead to a more comprehensive
understanding of the contribution of the mammalian neura crest to craniofacid development and itsrole
in abnorma embryogenesis. 1t should lead to increased knowledge of arange of developmentd
disorders and permit better evauations of the effect of potentid corrective measures, including gene

therapy.

Chal Y, Jiang X, Ito Y, et a: Fate of the mammalian cranial neural crest during tooth and mandibular morphogenesis.
Development, 127(8):1671-9. 2000.
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Early Warning System is Discovered to Fight Infections and Cancer

Background: The innate components of the immune system employ defense mechanisms that act
quickly, without differentiating among the infectious agents and tumor cells they attack. In contragt, the
adaptive components of the immune system respond to specific infectious agents or tumors. The adaptive
components of the immune system respond less rapidly than the innate components because adaptive
responses require proliferation of the cells (types of T and B cells) that target specific infectious agents.
Such specificity is controlled by the interaction between major histocompatibility complex (MHC)
moleculesand T cells. These interactions activate the immune system to fight the existing infection, as
well as to respond more quickly to a subsequent infection with that particuar agent. In comparison, the
methods by which the innate components of the immune system respond to infected cells are less
understood.

Advance: NIH-supported researchers have now identified two key molecules, MICA and MICB, which
dert the innate immune system to respond against infectious agents and tumor cells. Using a method,
called X-ray crystallography, for determining the three-dimensiona structure of proteins, the researchers
determined that MICA and MICB are very similar in structure to MHC molecules. However, the MICA
and MICB molecules play a different role in controlling infections and cancer than MHC does. Unlike
MHC molecules, which activate T cells, MICA and MICB serve as “tags’ that identify infected or
cancerous cells for destruction by natura killer (NK) cells. More precisdly, the NIH-investigators
demonstrated that MICA and MICB bind to amolecule on the NK cell surface called NKG2D, which
triggers the NK cdll to attack its target.

Additional findings from the same team of investigators demonstrated that MICA and MICB are displayed
on the surface of cells that are infected with cytomegalovirus (CMV), amajor cause of illnessin
transplant recipients. Given that CMV is known to hinder T cell responses by inhibiting production of
MHC molecules, the presence of MICA and MICB may allow the innate response to compensate for the
suppression of the adaptive T cell response.

Implications: These studies provide significant information about MICA and MICB molecules and the
role they play in the innate immune response to infections and tumors. In addition, because increasing
evidence suggests that the innate components of the immune system can enhance the activity of the
adaptive components of the immune system, vaccines may be designed and developed based on MICA
and MICB targets.

Bauer S, Groh V, Wu J, et a: Activation of NK cellsand T cells by NKG2D, areceptor for stress-inducible MICA. Science,
285(5428):727-9. 1999.

Wu J, Song Y, Bakker ABH, Bauer S, Spies T, Lanier LL, Phillips JH: An activating immunoreceptor complex formed by
NKG2D and DAP10. Science, 285(5428):730-2. 1999.

Li P, Willie ST, Bauer S, Morris DL, Spies T, Strong RK: Crystal structure of the MHC class 1 homolog MIC-A, a2 T cell
ligand. Immunity, 10(5):577-84. 1999.

Groh V, Rhinehart R, Secrist H, Bauer S, Grabstein KH, Spies T: Broad tumor-associated expression and recognition by tumor-
derived 2d T cells of MICA and MICB. The Proceedings of the National Academy of Sciences, 96(12):6879-84. 1999.
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Imaging Technique Reveals Changesin Brain Structure

Background: Both human development and degenerative disease processes are known to affect the
volume of brain substructures. But detecting, tracking, and quantifying these structura changes have
proven difficult, in part because observations must be made throughout the entire volume of the brain,
and they must be made at different times. Until recently, scientists have been unable to obtain detailed
three-dimensonad maps of these dynamic growth processes.

Advance: Researchersa UCLA have created detailed three-dimensiona images that map growth
patterns in the developing human brain over time. A new tensor mapping strategy alows greater spdtid
detail and sengtivity than was previoudy obtainable. The researchers discovered that different parts of
the brain grow a markedly different rates during the development of anormal child. Between ages of 3
and 6, peak growth rates were observed in an area of the brain responsble for mentd vigilance and the
planning of new actions. Older children displayed fastest growth in aregion of the brain related to
gpatia association and language function. Growth in these areas dowed considerably once children
were 11 to 15 yearsold. Thistempord pattern coincides with the ending of awell-known critica
period for learning language. The ability to learn new languages declines rapidly after the age of 12, as
does the ability to recover language function if linguistic areas in one brain hemisphere are surgicdly
removed.

Implications: This group of researchers recently found that the same areas of the brain that grow
fastest in children also degenerate fastest during the early stages of Alzheimer's disease. The sengtivity
of the new experimental protocol may offer advantages in tracking the effects of various treatments for
Alzheimer's disease. This gpproach can aso be extended to evauate the effects of therapies for other
brain disorders, such as dementia and brain tumors.

Thompson PM, Gledd JN, Woods RP, MacDonald D, Evans AC, Toga AW: Growth patternsin the developing brain
detected by using continuum mechanical tensor maps. Nature, 404(6774):190-3. 2000.
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Advancesin Ocular Kinematics

Background: Ocular saccades are coordinated movements of the eyes. Saccades occur, for example,
when we are reading, watching TV, or scanning the environment. This coordinated movement is
accomplished primarily by two pairs of extra ocular muscles (EOM), the media and laterd rectus, that
are attached to the globe. Neurd signals from the brainstem activate these muscles causing activity in
these agonis/antagonist muscle pairs which results in conjugate eye movement and maintenance of
binocular vison. Invisud disorders such as strabismus (“'crossed eyes'), the two eyes do not function
asaunit and theresult isaloss of binocular vison. Surgical and chemica gpproachesto correcting
drabismus act by affecting the extraocular muscles. These trestments are often effective but may have
unintended effects. Therefore, a better understanding of the function of the extraocular muscles could
lead to improvements in therapy.

Advance: An NIH grantee has developed the “active pulley hypothesis’ to explain currently unresolved
issues in the kinematics of eye movement. Magnetic Resonance Imaging (MRI) data from norma
subjects has permitted a high-resolution picture of the globe and associated extraocular muscle and
connectivetissue. The data clearly show that EOMs have different insertion points. The globular fibers
of EOM terminate on the sclera of the globe while the orbitd layer terminates not on the globe itsdf, but
on connective tissue in the orbit. Thiswork demondrates that the globular layer rotates the eye while
the orbitd layer functions as a pulley to influence the axis of rotation of the EOM. Importantly, the
orbita and globular muscle fiber types are anatomicaly, physiologicaly and biochemicaly diginct. This
suggests sgnificant functiona consequences for orbitd and globular insertion on eye movement.

Implications: Treatment of strabismus probably affects the action of orbital EOM layers on their
connective tissue pulleys. The identification of this organization of EOM fibers has important
implications for mathematical models of rotation properties in the eye and will likely impact surgicd
gpproaches. Any pulley manipulation which compromises the orderly relationship between eye
orientation and the rotationd axes of the EOM S would compromise neurd control of eye movement.
Thiswould be expected to produce a least dynamic binocular misadignmentsin gaze.

Demer JL, Oh SY, PoukensV: Evidencefor active control of rectus extraocular muscle pulleys. [nvestigative
Ophthalmology and Visual Science, 41:1280-90. 2000.
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ScIENCE CAPSULES

Flourescent Brain CellsHelp Track Master Reproductive Hormone. Gonadotropin releasing
hormone (GnRH), produced by cellsin the brain, is the master hormone that starts a sequence of
cdlular events, which control male and femae reproduction. Until recently, however, scientists have
been unable to throughly study GnRH, because it is produced by asmal number of cdlsthat are widdy
scattered throughout the hypothaamus region of the brain. Now, an investigator has developed astrain
of mice whaose GnRH neurons glow with a fluorescent jellyfish protein, providing researchers with a
visble target to track the production and release of this key reproductive hormone in living animals.

Suter KJ, Song WJ, Sampson TL, Wuarin JP, Saunders JT, Dudek FE, Moenter SM: Genetic targeting of green
fluorescent protein to gonadotropin-releasing hormone neurons. characterization of whole-cell el ectrophysiol ogical
properties and morphology. Endocrinology, 141(1):412-9. 2000.

Detailed I mages Achieved with New M agnetic Resonance Imaging (MRI) Technique.
Scientists recently developed anew MRI technique that produces the clearest, most detailed images yet
obtained of coronary arteriesin living individuas. The non-invasive technique “blacks out” the motion of
blood flow that obscures the image of the artery wall in ordinary MRI pictures. By providing detall of
the composition of atherosclerotic plaques (the cholesteral-rich deposits narrowing diseased arteries),
the technique offers the potentid to identify “vulnerable’ plagues — those plagues most likely to rupture
and lead to sudden clot formation and an acute heart attack. Thiswould enable physicians to diagnose
individuals a risk for a heart attack before they suffer one..

Fayad ZA, Fuster V, Falon JT, et al: Noninvasivein vivo human coronary artery lumen and wall imaging using black-
blood magnetic resonance imaging. Circulation, 102(5):506-10. 2000.

Improved Prospectsfor Gene Therapy Requiring Large Genes. Some genetic diseases, such as
hemophilia A, have posed problems for gene therapy because the corrective gene istoo large to fit
insde the modified viruses that can be used to carry it into acedll. But researchers have now found a
way to solit large genes into two parts and package them into complementary pairs of avirus known as
adeno-associated virus (AAV). The corrective gene is divided into one part that carries the genetic
code for the protein needed to treat the disease and a second part that contains al the genetic
sequences necessary to regulate that protein’s production ingde the target cell. The two parts“join
hands’ ingde the cell and permit high level production of the therapeutic protein. Thanksto this
breskthrough, AAV will be able to ddiver thergpeutic genes for diseases previoudy bdieved to be
untreatable by gene therapy.

DuanD, YueY, Yan Z, Engelhardt JF: A new dual-vector approach to enhance recombinant adeno-associated virus-
mediated expression through intermolecular cis activation. Nature Medicine, 6(5):595-8. 2000.
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Nakai H, Storm TA, Kay MA: Increasing the size of rAAV-mediated expression cassettesin vivo by intermolecular
joining of two complementary vectors. Nature Biotechnology, 18(5): 27-32. 2000.

YanZ, Zhang Y, Duan D, Engelhardt JF: Trans-splicing vectors expand the utility of adeno-associated virus for gene
therapy. Proceedings of the National Academy of Science, 97(12):6716-21. 2000.

New Method to More Quickly Study Celular Regulatory Processes. The most common and
probably the most important way that protein activity is regulated is through a process known as
phosphorylation. Phosphorylation involves adding phosphorus molecules to proteins, thus adtering thelr
shape and ability to perform. To better understand these protein regulatory processes, it is necessary to
identify the amino acids on the protein that are phosphorylated. A new technique has been devel oped
that combines meta ion affinity and direct andysis by mass spectrometry. It is useful for detecting
phosphorylated peptides and can be used for analyzing extremely complicated mixtures. It diminates the
need for use of radioisotopes and for prior protein separations using high- performance liquid
chromatography (HPLC), thus enabling scientists to more quickly anaysis critica stepsin regulation.

Zhou W, Merrick BA, Khaledi MG, Tomer KB: Detection and sequencing of phosphopeptides affinity-bound to
immobilized metal ion beads by matrix-assisted laser desorption/ionization mass spectrometry. Journal of American
Society for Mass Spectrometry, 11(4):273-82. 2000.

Automatable Method for Protein Identification. Identification of proteinsis becoming increesngly
important as attention turns from characterizing the genome to understanding the functiond
consequences of gene activity, e.g., what proteins are synthesized and how do they perform their
biologicd function. Scientists have devel oped a procedure for the identification of proteins separated by
gel eectrophoresis without extensive reduction and chemica derivatization using alow flow rate
continuous introduction system and tandem mass spectrometry. Omitting the reduction/derivatization
step reduces sample contamination and sample loss.

Borchers C, Peter JF, Hall MC, Kunkel TA, Tomer KB: Identification of in gel-digested proteins by complementary
peptide-mass fingerprinting and tandem mass spectrometry data obtained on an electrospray ionization quadrupole
time of flight mass spectrometer. Analytical Chemistry, 72(6):1163-8. 2000.

Efficient Production of Dopamine Nerve Cells. The mgor symptoms of Parkinson’s disease
reflect the progressive death of a specific set of nerve cellsin abrain area caled substantianigra. Nerve
cdlsin this region send fibers to ancther part of the brain (the striatum) where they release the
neurotransmitter dopamine. Surgicdly replacing these cdlls has shown therapeutic promise in anima
models of Parkinson’s disease and (using tissue implants) in human patients. However, lack of access
to large numbers of dopamine neurons limits the development of cell replacement therapies. NIH
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intramura scientists have now devel oped a method to coax mouse embryonic stem cells to produce
large numbers of dopamine neuronsin cdll culture. Thiswill accelerate the development of cell
replacement therapies and studies of the biology of dopamine cells.

Lee SH, Lumelsky N, Studer L, Auerbach JM, McKay RD: Efficient generation of midbrain and hindbrain neurons
from mouse embryonic stem cells. Nature Biotechnology, 18(6):675-9. 2000.

Hearing Aids. Severa Smdl Business Innovation Research (SBIR) projects have resulted in
commercid hearing aid products. The Radiant Beam Array (RBA) was devel oped as a collaborative
effort between Cardinal Sound Labs, Inc, the NIDCD (through SBIR Phase | and 11 grants), and
Starkey Laboratories. The RBA uses six spatidly separated microphones with directiond sgnd
processing. This technology maximaly amplifies sounds directly in front of the listener and minimaly
amplifies sounds from the sides and rear, thus providing a substantid improvement in the Sgnd to noise
ratio availableto the user. Theresult isagreater ability to understand speech in the presence of noise
and reverberation. The RBA isworn on the user's chest like a necklace and may be worn under
clothing. The RBA issuitable for new and previous hearing insdrument users who have awide range of
moderate to profound hearing losses.

Lehr M: Directional Microphone Array for Hearing Aids. Starkey Laboratories. 2000.

Altruism Motivates Participation in Schizophrenia Research. A recent NIH-supported study has
helped to characterize previoudy neglected attitudes of persons with schizophrenia and clinicians
toward ethically important aspects of research participation. People with schizophrenia offer highly
discerning and complex views, challenging the notion that they may not be competent to provide
informed consent for such research.  Sixty-three people with schizophrenia and 73 psychiatric faculty
and residents were asked to rate 23 atitudes about ethica issues involved in research on schizophrenia.

Both groups identified helping others and helping science as important reasons for participation in such
research. Schizophrenia patients endorsed the feding of hope associated with research involvement, a
perspective underestimated by the psychiatrists. The psychiatrists aso underestimated the acceptance
by persons with schizophrenia of physician, investigator, and family influences on decisions about
participation. Psychiatrists agreed more strongly than patients that vulnerable populations should be
included in research.

Roberts LW, Warner TD, Brody JL: Perspectives of patients with schizophrenia and psychiatrists regarding ethically
important aspects of research participation. The American Journal of Psychiatry, 157(1):67-74. 2000.

Assuring Safe Feeding Tube Placement. Every year an estimated one million hospital patients or
resdents of nurang homes are fed through the use of feeding tubes with stethoscopes or X-rays used to
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determine tube placement. Correct placement of afeeding tubeis crucid to prevent serious and
possibly life threatening complications such as inadvertent adminigration of tube feeding solutions into
thelung. Nurse investigators have discovered that measuring the acid level and bilirubin of aspirated
feeding tube contents identifies migplacement of tubesin lungs with 100 percent accuracy. Currently
there is no bedside measure of bilirubin. Nurse investigators have extended their previous work and
vaidated atest grip that uses anew colorimetric visua bilirubin scale to assess hilirubin at the bedside.
The newly developed scale correctly measured bilirubin values above and below 5 mg/dL in 93.8% of
719 specimens. The combination of acid level and hilirubin continued to identify 100% of the
respiratory cases and improved prediction of gastric casesto 98%. Following further testing, refinement
and gpprova by the Food and Drug Administration, assessing the contents of feeding tube aspirates
using the visud bilirubin test in combination with acid level has the potentia to vastly improve the
accuracy of predicting feeding tube location quickly at the bedside and minimizing the chances of serious
complications.

Metheny NA, Stewart BJ, Smith L, et al: pH and concentration of bilirubin in feeding tube aspirates as predictors of
tube placement. Nursing Research, 48(4):189-97. 1999.

A Database of SNPsWill Shed Light on Human Variation and Disease. A key eement
necessary to dlow medica researchers to make practicad use of the human genome sequenceisa
knowledge of the naturd variation in that sequence. Single Nucleotide Polymorphisms (SNPs)
condtitute the largest component of this variation and play a central rolein human disease. NIH has
expanded its dbSNP database to include over 800,000 SNPs. The BLAST service for doing sequence
smilarity searches has dso been expanded to include SNP data, opening new avenues of discovery.
Scientists can now compare their own newly-acquired sequence data againgt the entire doSNP
database to quickly locate SNP loci within their gene of interest.

Smigielski EM, Sirotkin K, Ward M, Sherry ST: dbSNP: adatabase of single nucleotide polymorphisms. Nucleic
Acids Research, 28(1):352-5. 2000.

A New Method for Searching for Patternsin Proteins. A mgor god of genome sequencing
projectsis to determine the properties of the proteins encoded by DNA within agenome. These
properties determine pathogenicity in some organisms, disease resistance in others and are a the core of
many human diseases. When a protein sequence is derived from a gene sequence, many of the
properties of the protein can be uncovered directly by finding a smilarity to another protein that has
dready been well-gudied. A powerful new tool for performing the search for smilarity isIMPALA.
IMPALA dlows researchersto use their gene-derived protein sequencesto search a database of
protein patterns. When amatch is found, important informetion as to experimentaly- determined
biologica activity and three-dimensiond structure becomes available. By searching a database of

279



FYOO NIH GPRA Research Program Outcomes

patterns, rather than the usud database of individual protein sequences, Smilarities of amuch more
subtle nature can be easily discerned which will dlow a more extensve linkage between new sequence
data and exigting laboratory results.

Schaffer AA, Wolf Y1, Ponting CP, Koonin EV, Aravind L, Altschul SF: IMPALA: matching a protein sequence
against a collection of PSI-BLAST-constructed position-specific score matrices. Bioinformatics, 15(12):1000-11. 1999.

Complete Genome Data for More Than 700 Organisms Facilitates Compar ative Analyses.
The Genomes database, a component of the Entrez molecular biology information retrieva service, has
expanded its scope to provide access to an unprecedented library of more than 700 complete genome
sequences of interest to investigators world-wide. The genomes covered within the Entrez service
include those of pathogenic and non-pathogenic viruses and bacteria, plasmids, often implicated in
bacterid drug resstance, aswell as the yeast and worm genomes used as modesin the study of the
human genome. Pre-computed bioinformatics analyses developed by NIH include comparisons of
many genomes, showing the degree to which they share Smilar genes. These comparisons make it
possible, for instance, to quickly identify a set of genes shared between severd types of pathogenic
bacteria. Linksfrom sequence to structurd information allow researchers to move smoothly from a
geneto adructurd template to use in modding studies. The improved methods for organizing and
disseminating genomic information on this scale enables the Entrez Genomes service to offer
invedtigations that were previoudy not possible. For example, using this genomic information can
amplify the seerch for virulence factors in pathogens and facilitate the identification and modeling of drug
targets.

Tatusova TA, Karsch-Mizrachi I, Ostell JA: Complete genomesin WWW Entrez: data representation and analysis.
Bioinformatics,(7-8):536-43. 1999.

http://www.nlm.nih.gov/research/visible/

Next Generation Internet Implementation to Serve Visible Human Datasets. NIH is supporting
aproject to develop a Next Generation Internet (NGI) production system to serve Visible Human
datasets in novel and educationally useful ways. These include a comprehensive st of interactive 2D
and 3D VH browers, featuring arbitrary 2D cutting and 3D visudizations. An interactive WWW
navigation engine will be deployed to create and visudize anatomic flythroughs, under haptic control of
the user, and dso to ddiver flythroughs developed by expert anatomigts in concert with clinicians.
Anatomica labels will enhance these visuaization sequences, and enable red time links with appropriate
resources on the WWW using XML. Assuch, this system will complement and extend currently
deployed passve WWW information systems with active computationd services. Thiswill dlow for
ddivery of severd smultaneous high qudity digita streams, creeting structured medical knowledge using
the VH datasets. An experienced eva uation team will measure performance and educationd
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effectiveness usng emerging Advanced Didributed Learning (ADL) principles. Networking experts will
provide NGI connectivity and evauate successes and failures.

http://www.nIlm.nih.gov/research/visible/

Remote Treatment Planning System. NIH is supporting the devel opment, implementation, and
evauation of an gpplication to support remote treatment planning for radiation therapy. This application
relies on network infrastructure technology for collaboration; on high bandwidth and quality of service

(QoS) to support interactive review sessons, and on data privacy and security to protect patient
privacy, confidentidity, and dataintegrity. Review sessons provide a collaborative environment for
dosmetrigts at the planning Site, the oncologists at the care ddivery dte, and peer reviewers. It utilizes
video teleconferencing and a shared view of the images to support treetment planning. The evauation
will measure outcomes at the care ddivery dSte, process improvements at the treetment-planning Site,
and estimate cost impact on the remote treatment planning process.

http://www.nlm.nih.gov/research/ngiinit.html

Mammaogr aphy for the Next Generation Internet. NIH is supporting the development of a testbed
to demondrate the feasbility of anationd breast imaging archive and network infrastructure to support
digitd mammography using Next Generation Internet (NGI) technologies. The god isto improve
access and performance of breast cancer screening with an imaging archive that supports storage,
retrieva and digtribution of breast images for dlinica and research purposes and ensures privacy and
confidentidity with multilevel security embedded throughout the system. The proposed infrastructure
will: 1) support traditiond breast screening through the maintenance and distribution of adigital record
of prior breast examinations and relevant medica history for primary interpretation and expert
consultation; 2) provide the opportunity to maintain and apply computer-aided diagnos's software at
centrd, well-maintained computing resources to studies from al women; 3) provide unique tools for
creating educationd and training programs,; and 4) create an unpardleled opportunity to study and
understland many epidemiologic issuesin breast cancer through searches of anationd breast screening
database. NGl technologies will be used to transfer large data files, execute red-time queries, and
access information securely. The testbed will demondtrate that quadity of service, medicd data privacy
and security, nomadic computing, network management research and development, and infrastructure
technology for collaboration, are NGI technologies that are integrad to widespread deployment and
optimad utilization of digita mammography.

http://www.nlm.nih.gov/research/ngiinit.html
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Multilateral Initiative on Malaria. NIH hasled aninternationa effort to provide maaria
researchersin Africawith full access to the Internet and the resources of the World Wide Web. This
project began with NIH's leadership in the Multilaterd Initiative on Maariain which African scientists
identified eectronic communication and access to scientific information as critica in the fight againgt the
devadtaing and economically debilitating effects of malariain developing countries. Results at the
completion of the Alpha Phase and Phase 1. researchers a the Mdaria Research and Training Center
in Bamako, Mdli, are connected by radio wavesto their local Internet Service Provider and their
colleagues a the CDC/KEMRI and WdlcomeKEMRI stesin Kenya now fully connected via satdllite
for data, voice, and image. Phase 2 comprises two stesin Ghanawhich aso have full Internet
connectivity — Noguchi Ingtitute in Accra and the Navrongo Hedlth Research Center; both Stes are
engaged inadlinicd trid for amadariavaccine. Phase 2 will be completed in September 2000 when
three dtes are Tanzaniajoin the network. Partners, in addition to the NIH, included: Centersfor
Disease Control, Wellcome Trust, World Bank, USAID, Nava Ingtitute of Medical Research, and
Wadter Reed Army Indtitute of Research.

Tribal Connections. NIH continues to support a ground- bresking effort to improve the Internet
connectivity on selected American Indian reservations and Alaska Native villages. The project beganin
the Pacific Northwest, where it continues, and is being extended to sdlected Indian tribes in the Pecific
Southwest. By improving connectivity, NIH hopes to facilitate access of Native Americansliving in
rurd, remote areas to hedth and biomedical information available over the Internet. The NIH project,
in collaboration with the Regiond Medical Library a the Univergty of Washington in Sesitle, and
others, is usng a community-based infrastructure devel opment approach to help assure that Internet
enhancements are responsive to loca needs and conditions, and involve the locd tribd and village
leadership and hedlth community. The project support at each Ste includes planning and technica
assgance, training, and outreach in addition to provison of needed hardware, software, and
telecommunications links. NIH is encouraging the involvement of other organizations, such asthe Indian
Hedlth Service and State telecommuni cations departments, in order to make best use of scarce
resources in a coordinated, sustainable way.

http//:www.tribalconnections.org/

Internet Connectivity Performance Evaluation. NIH continues its research on eva uating the
performance of end-to-end Internet pathways involving biomedica inditutions and users. Theresearch
began with a focus on the performance of the so-cdled "commodity Internet” and has now shifted to
indude high-bandwidth Internet connections. The Internet is heavily used to support biomedica
research and scientific collaboration, and thus the qudity of Internet performance isamgor concern
This research has developed a set of methods and metrics for assessing Internet performance, and has
applied these tools to eval uate the connectivity of Internet pathways between NIH and sdected
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research universities, medica libraries, hospitas, and medica researchersin the U.S. and abroad. The
research has compared the relative performance of commodity Internet and high- bandwidth links for
downloading documents from web Sites, searching biomedical databases, and transferring large files of
data and images.

Wood FB, Cid VH, Siegel ER: Evaluating internet end-to-end performance: overview of test methodology and results.
Journal of the American Medical Information Association, 5(6):528-45. 1998.

New Imaging Instrumentation for Diagnosis of Eye Diseases. Optica coherence tomography
(OCT) isanoved non-invadve imaging technique, Smilar to ultrasound, that promises to have a broad
range of gpplications to the diagnosis and management of ocular disease. The most advanced
gpplication isfor optic nerve measurements in glaucoma patients. Promising results have been attained
with an ingrument that has ten micron resolution, and an instrument with five fold greater resolution is
now in development. Thisnew OCT is expected to be more reliable and more precise. Increased
precison may dlow earlier diagnoss aswell as more certain identification of progressive changes that
impact Sght. Reliable assessment of optic nerve damage has been along sought god in glaucoma
diagnoss and dinicd management. And OCT should become an indispensable tool for glaucoma
cinidans

Drexler W, Morgner U, Kértner FX, et a: Invivo ultrahigh-resolution optical coherence tomography. Optics L etters,
24(17):1221-3. 1999.

Intranasal Administration of Naked TGF-B DNA May Be Used to Treat | nflammatory
Diseases. Experimenting with mice, investigators demonstrated that nasa spray ddivery of DNA from
TGF-B, aprotein that modulates immune responses, successfully treated experimentaly induced colitis
(an immune-mediated bowe inflammeation) without causing the harmful Sde effects seen in earlier Sudies
using other modes of adminigiration of this same molecule. However, the reason for this encouraging
finding is not yet known and further research is needed to determine whether it is applicable to trestment
of human diseases.

Kitani A, Fuss|J, NakamuraK, Schwartz OM, Usui T, Strober W: Treatment of experimental (trinitrobenzene sulfonic
acid) colitis by intranasal administration of transforming growth factor (TGF)-31 plasmid: TGF-R1-mediated
suppression of T helper cell type 1 response occurs by interleukin (I1L)-10 induction and | L-12 receptor 32 chain
downregulation. The Journal of Experimental Medicine, 192(1):41-52. 2000.

Early Detection of Cancer Cells. More than 85 percent of dl cancers originate in the cdls thet line
the interna surfaces of organs throughout the body. These cancers are readily treatable if detected
early. Until now, early detection has only been possible after removing a sample of tissue for sudy, but
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researchers at MIT have developed a technique, called |aser-scattering spectroscopy, thet is able to
detect early-stage and pre-cancerous cdlsin red time without the need for tissue removd. This
technique should significantly improve the efficiency of cancer screening.

Backman V, Wallace MB, Perelman LT, et al: Detection of preinvasive cancer cells. Nature, 406(6791):35-6. 2000.

Novel SPECT Ligandsto Image the Serotonin Transporter in Human Brain. The serotonin
transporter (SERT)is atiny pump-like component of certain neurons that plays an important rolein
regulating the amount of the brain’s chemica messenger, seratonin, in the synapse. SERT isthe Site of
action of many dinicaly ussful drugs, most notably the selective serotonin reuptake inhibitor (SSRI)
class of antidepressants, the prototype of which isfluoxetine, or Prozac. Although an ability to image
SERT in humans would aid in understanding how dteraions in serotonergic function relae to the
pathophysiology and treatment of serious mood disorders, an obstacle has been identifying aligand — a
smdl molecule that would bind to SERT — that is compatible with SPECT (single photon emisson
computed tomography) imaging technology. Recently, NIH-funded investigators identified a series of
novel smal molecules that selectively and strongly bind to the SERT inliving brains. Labeed with a
radioactive tag, these ligands make it possible to capture SPECT images of serotonin transporter
binding Stesinliving rat and baboon brains. This research provides the groundwork for future studiesin
humans

Zhuang ZP, Choi SR, Hou C, Mu M, Kung MP, Acton PD, Kung HF: A novel serotonin transporter ligand: (5-lodo-
2-(2-dimethylaminomethyl phenoxy)-benzy! alcohol.. Nuclear Medicine and Biology, 27(2):169-75. 2000.

New Technique Eliminates a Step in Making Genetically-Altered Mice. By trangplanting nucle
of geneticdly-dtered mouse embryonic ssem cdls directly into eggs lacking a nucleus, researchers have
diminated a step needed to produce geneticaly-engineered animas. Scientists often use such animasto
make mode systemsin which they can study human disease and disorders. Previoudy, researchers had
to introduce a genetically-atered cdl into ablastocyst, an early cdlular sagein the formation of an
embryo, and then breed the resultant animals to produce geneticaly- pure animals having the desired
trait. This breskthrough will sgnificantly shorten the time needed to produce transgenic mice for medica
research, as well as provide new indghts into the way an egg cell can develop into dl of the different
cdls of the body.

Rideout WM I11, Wakayama T, Wutz A, et a: Generation of mice from wild-type and targeted ES cells by nuclear
cloning. Nature Genetics, 24(2):109-10. 2000.

Weakayama T, Rodriquez I, Perry ACF, Y anagimachi R, Mombaerts P: Mice cloned from embryonic stem cells.
Proceedings of the Natioal Academy of Sciences, 96(26):14984-9. 1999.
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RNA Interference: A New Method for Controlling Gene Expression. RNA interference, or
RNA., has become an unexpected, but extremely efficient and versatile means of inhibiting the activity of
specific genes. Double-stranded RNA that corresponds to the DNA sequence of the target gene
mediates RNAI. Oncein the cdl, the double-stranded RNA is converted into discrete fragments that
bring about cleavage of the corresponding messenger RNA, thereby suppressing expression of the
target gene. RNAI has found widespread gpplication as ameans of determining gene function in plants
and lower organisms whose cdlls have atrue nucleus, and there are indications that it may aso operate
in vertebrates.

Zamore PD, Tuschl T, Sharp PA, Bartel DP: RNAI: double-stranded RNA directs the ATP-dependent cleavage of
MRNA at 21 to 23 nucleotideintervals. Cdl, 101(1):25-33. 2000.

Grishok A, TabaraH, Mello CC: Genetic requirements for inheritance of RNAi inC. Elegans. Science, 287(5462):
2494-7. 2000.
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STORIES OF DISCOVERY

MEDLINE and MEDLINEplus: A Continuing Story of Discovery

Medicd practitioners and medicd researchers both depend on the accumulated wisdom of those who
have gone before. 1t was not so long ago that one could assemble this wisdom only by poring over
printed bibliographies, usualy the Index Medicus, which the NIH began publishing in 1879. Today,
virtuadly dl biomedica scientists, many hedlth practitioners, and an increasng number of consumers use
avariety of methods to search the MEDLINE database to learn about published research findings. This
is the story of how an NIH “discovery” has evolved over the decades to become a service that, in the
words of Vice Presdent Al Gore, “may do more to reform and improve the qudity of hedth carein the
United States than anything else we have donein along time”

The pioneering MEDLINE project, begun by the NIH in the early seventies, evolved from the
computerized system used to produce the Index Medicus, which the NIH had ingtaled in 1964.
MEDLINE was the firgt successful marriage of alarge reference database with a nationa
telecommunications network, and it has been cdled the Modd T of online databases. dthough it would
usudly get you where you wanted to go, it required a pioneering spirit to master its intricacies and the
patience of Job to ded with itsidiosyncrasies. Even so, the NIH received more requests than it could
handle from medica librarians who wanted to be trained so that they could provide literature search
sarvices for hedth professonds and scientistsin hospitals, universties, and laboratories.

The eighties saw the introduction of “Grateful Med,” a software program created by the NIH that one
could load onto a PC or Macintosh and, equipped with amodem and a password, search MEDLINE
right from one s home, office, or laboratory. Grateful Med was eagerly snapped up not only by
librarians but by hedlth professionas, scientists, sudents, lawyers, medicd journdists and others, who
saw the average charge of $2 per MEDLINE search as abargain. Trying to find the sameinformationin
the printed Index Medicus would surely cost much more, in time and effort, if it could be done at al.
Another change by then was that most MEDL INE references were accompanied by an abstract.

The nineties, of course, isthe eraof the Internet and the World Wide Web. The NIH had one of the
earliest Federa Web sites (1993) and introduced MEDLINE searching viathe “Internet Grateful Med”
in1996. Dr. Michael DeBakey, then a Regent of the Library, and Senator Bill Frist of Tennessee, a
surgeon, introduced the new system at a press conference. The following year, Vice President Gore
(quoted above) introduced free MEDLINE searching viathe Web, using a new system called PubMed.
Now, for the first time, anyone with access to the Web could search through an immense database of
references and abstracts to 11 million medica journd articles. Infact, PubMed and Internet Grateful
Med had both smplified MEDLINE searching to the point where the public encountered no difficulty a
al inretrieving rdlevant references on any biomedica subject from the literature. Since about 30
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percent of dl MEDLINE searches (now totaing about 250 million ayear) are being done by
consumers, this presented the NIH with awonderful opportunity. Why not create a service that not
only will provide sdective MEDLINE results that are useful to the consumer, but dso link the Web user
to the authoritative, full-text hedth information being put out by NIH Indtitutes and by a variety of non
Federa sources? Such aservice, caled MEDLINEplus, was introduced in October 1998.

Where did such “authoritative’ information come from? Since the NIH publishes a wedlth of consumer
hedlth information based on the medica research it sponsors, it was naturd to sart there. Also
“recruited” were professona medica societies and voluntary hedth agencies, many of which issue,
without commercid or business mative, authoritative information that the public can trust. With help
from members of the National Network of Libraries of Medicine across the country, NLM information
pecidigts have sdlected and organized this information and extensively cross-linked it. Because the
name “MEDLINE" had a quarter-century exposure to the hedlth professions, and because that
database was now dso increasingly known to the public, the NIH called the new service
MEDLINEplus (http://medlineplus.gov).

In the year and ahdf since its introduction, the service has grown tremendoudy, both in terms of its
coverage of hedth and its usage by the public. As of June 2000, MEDLINEplus was being consulted
some 2 million times each month. The origina two dozen “hedth topics” containing detailed consumer
information on various diseases and hedlth conditions, have increased to 400. Other information
available through MEDLINEplus: links to more than 5,000 current clinicd trids, medical dictionaries
and an encyclopedia, detailed information about prescription drugs, information in Spanish, directories
of hedth professonds and hospitass, links to organizations and libraries that provide hedlth information
for the public, and preformulated searches of MEDLINE on various aspects of the hedlth topicsto find
recent articles (in journds likely to be available) that will be of interest to consumers seeking informetion
for f or family.

The NIH has dso learned that hedth professonas of dl kinds are finding MEDLINEplusto be an
excellent source of information. Many physicians use it to keep up-to-date on medica subjects outside
of thair specidty. Othersare referring their patients to MEDLINEplus for up-to-date and authoritative
information about their health conditions.

In 2000, NIH made “ outreach awards’ to more than 50 medicd libraries and other ingtitutions around
the Nation to enable them to work with local, state, and regiona organizations to promote public access
to rdiable hedth information. In this effort, medica librarians from the National Network of Libraries of
Medicine are volunteering to work with the public librarians and teach them about MEDLINEplus and
other dectronic sources of information.

To sum up, in just the last few years there has been aremarkable change in how consumers seek hedlth
information for their persond use. The NIH isriding the crest of thiswave and is adapting its extremely
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popular eectronic database, MEDLINE, to serve the public aswell asit has served scientists and hedlth
professionas for three decades.
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Genome-scale Analyses. ¢cDNA and Tissue Chips

The newfound abundance of genomic information is propelling scientists out of the pattern of studying
genes individudly; now, scientists are able to monitor thousands of genes a atime. For such large-scde
andyses, miniaturized “chip” technologies, dso cdled microarrays, can be rapid, efficient, and
economica. All microarrays share this characteridtic: they permit researchers to examine many eements
in pardld. NIH has supported the development of the mgor microarray technologiesin use, including
chips sold commercidly, and has promoted communication among researchersin the field.

The flood of data emerging about DNA and genes has required new ways of sorting through the
information to find the telling details that will illuminate how the cells that make up living organisms
function. Microarrays are being used for many different applications. Some microarrays gauge how
active different genes are in different kinds of cdlls; otherslet researcherstrack the molecular changesin
tumor cells as cancer progresses. Capturing holistic views of changes within cells has begun to ducidate
the sgndling pathways that are dtered and distinguish a cancerous cdll from anon-cancerous cell. Such
ingghts may provide the identification of early, presymptomatic changesin cells and thus, rationd
therapeutic targets for the treatment of cancer.

Expression arrays, which chart gene activity, have been among the most productive chips so far. To
make an expression array, robots spot fragments from thousands of genes onto aregion of asngle glass
microscope dide about the size of a postage ssamp. This genomic gpproach to understanding the
impact of an dtered genetic code within acdl isanaogousto ligening to afull orchestra playing a
symphony, rather than an individua instrument. While each cell contains the score for each of the
approximately 50,000- 100,000 or so available instruments (the protein products of genes), it only
utilizes afraction of those. Each different cdl type (e.g., brain or muscle cdl) will utilize a different
compliment of 10,000 or so ingruments. While much can be learned from studying an individud
ingrument, significant limitations exist. Our knowledge grows drameticaly when we begin to examine
the networks of pathways that are affected by a sngle dteration in the genome.

An internationa team led by scientists at NIH recently used this gpproach in discovering agenetic
"ggnature’ that may help explain how malignant melanoma can spread to other parts of the body. It
was one of the firgt large-scale studies on cancer genetics to be made possible by the wedlth of
information generated by the international Human Genome Project. The research helps explain the
mechaniams underlying the metastasis of medanoma. And it may ultimately point the way to better
diagnosis and treatment of this increasingly common and often fatal disease.

Using gene expression profiling, the researchers were able to find a genetic sgnature, or set of
differencesin genes, that for the firgt time divided patients with advanced melanoma into subgroups.
Almogt hdf amillion measurements were taken on nearly 7,000 different genes in melanoma tumors
from 40 patients. Computers running sophisticated Satistical software were then used to andyze the
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data from the chipsin order to find hidden patterns in gene expression among the tumor samples.
Nineteen cancers were found to be very smilar in gene expression, differing from the rest of the tumors
in the expression of roughly 500 genes. According to the patient histories, tumorsin this cluster tended
to be less aggressive, suggesting they metastasized lessrapidly. Such classification of cancer ona
molecular leve offers the possibility of more accurately determining the prognosis of a particular
patient's tumor, based on his or her genetic makeup. 1t aso offers the hope of tailoring therapiesto the
individud.

In order to determine the importance of any gene in amore physiologica setting, a second kind of array,
cdled the tissue microarray, can confirm the importance of each gene that emerges asa candidate. NIH
researchers have developed away of arranging some 1000 tiny cylindrica tissue biopsesin asmal
paraffin block. Thin dices cut from this block can be mixed with a probe that binds to a specific gene or
gene product to alow researchers to visualize gene number, activity or subcdlular locdization of
proteinsin hundreds of different tissues Smultaneoudy. Tissue arrays permit researchers to examine the
molecular details of many different hedthy tissue types or in different stages of disease. This past year,
NIH researchers combined cDNA and tissue microarray technologiesto identify molecular dterations
associated with the progression of human breast cancer.

Firdt, researchers applied their new double- chip approach to human breast cancer cells grown in culture
to identify genesthat were over expressed. Then, tissue chips were constructed, containing tiny dot-
sized samples from over 600 breast cancer tumors, and used to determine how frequently these genes
were over-expressed in cancers from actual patients.

One of the amplified genes, HER-2, on human chromosome 17, was identified 10 years ago as one of
the genes involved in the initiation and progression of breast cancer. As expected, patients whose tumor
samples had amplified HER-2 had a poor survival. However, the researchers were surprised to
discover on chromosome 17 another gene that was also over-expressed. Because this gene, previoudy
identified by other researchers and cdled S6K, produces a protein that carries out severa important
biologica functionsin the proliferation of cells, it represents a good candidate for a cancer-related gene.

Breast cancer tissue with amplified S6K were also associated with apoor prognosis. For those
women with breast cancer whose HER-2 and S6K genes were both over-expressed, survival was even
worse. Asafollow-up to this study, the researchers are now using the DNA chip and tissue chip
techniques to look for other genes near S6K on chromosome 17 that may aso be amplified in breast
cancer tumors.

In dl their various forms, microarray technologies can support the study of genetic complexity and are

becoming increasingly common as a“genome perspective,” one that consders the entire DNA code of
an organism, takes root in biomedicine.
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Single Nucleotide Polymor phisms (SNPs): New Toolsfor Tracing Inherited Diseases

A key aspect of research in genetics is associating sequence variations with heritable diseases. The most
common variations are Sngle nucleotide polymorphisms (SNPs), which occur gpproximately once every
100 to 300 bases. Because SNPs are expected to facilitate large-scale genetic association studies,
there has recently been great interest in SNP discovery and detection. The identification of SNPs has
accderated dramatically in the past year, due in large part to the availability of working draft sequence
of the human genome.

In FY1999, NIH organized the establishment of the DNA Polymorphism Discovery Resource (PDR) to
alow researchersto look for SNPsin a common set of samples. The PDR is now the mgjor resource
being used to look for SNPs. It conssts of 450 DNA samples collected under trict ethica guidelines
from anonymous unrelated United States residents of diverse ethnic
backgrounds(http://mww.nhgri.nih.gov:80/AboutNHGRI/Der/variat.htm). The NIH has funded studies to
alow researchersto look for SNPsin a common set of samples. This permits the accumulation of a
data set that can then be used in association studies to identify inherited disease risks.

This effort is complemented by the SNP Consortium (TSC), a non-profit entity whose misson isto
develop a high-quadity SNP map of the human genome and to make the information related to these
SNPs available to the public without intellectua property restrictions (http:/snp.cshl.org/). The project
garted in April 1999 and is anticipated to continue until the end of 2001. The SNP Consortiun’s
members include the medica research charity The Welcome Trust; 10 pharmaceutical companies
including AstraZeneca PL.C, Aventis Pharma, Bayer AG, Bristol-Myers Squibb Company, F. Hoffman
LaRoche, Glaxo Welcome PLC, Novartis, Pfizer Inc, Searle (now part of Pharmacia), and SmithKline
Beecham PLC; Moatorola, Inc.; IBM, and Amersham Pharmacia Biotech. Academic centersincluding
the Whitehead Indtitute for Biomedica Research, Washington University School of Medicinein St.
Louis, the Wellcome Trust's Sanger Centre, Stanford Human Genome Center, and Cold Spring Harbor
Laboratory, are involved in SNIP identification and andysis.

In July 2000, the HGP and TSC announced a collaboration to accel erate the construction of a higher-
density SNP map and enhance the utility of human working draft sequence. At the sametime, the data
generated will hdp improve the "working draft" itsef. Three academic genome research centers— the
Whitehead Indtitute for Biomedica Research, Washington University School of Medicine, and the
Sanger Centre — will participate in this collaboration.

Researchers have recently developed asmple but powerful method, called reduced representation
shotgun (RRS) sequencing, for creating SNP maps. RRS facilitates the rapid, inexpensive congtruction
of SNP maps. Thistechnologica advance in combination with a dense SNP may should markedly
enhance attempts to unravel the genetic contribution to common disease.

291



FYOO NIH GPRA Research Program Outcomes

The centerswill isolate two million DNA fragments (each about 6,000 base pairs long) from the human
genome and determine the sequence of gpproximately 500 base pairs a both ends of the fragments,
resulting in paired sequences of known distance from each other. The sequences then will be compared
to human genome DNA sequences aready in GenBank to identify SNPs. In addition, the paired-end
information will help span some gaps in the human genome "working draft,”" enhancing the vaue of the
draft. This pared-end gpproach has been used to advantage in the sequencing of the genomes of lower
organisms, such as E.coli and Drosophila melanogaster.

The DNA to be sequenced will come from 24 anonymous, unrelated donors with diverse geographic
origins from the PDR, making the new sequences arich source of SNPs. As SNPs are identified, they
will be vaidated, mapped, and deposited in the publicly accessible NIH database, dbSNP.

The SNP Consortium will file provisiond patent gpplications on newly identified and mapped SNPs
solely to establish the dates of discovery, but no patents will be alowed to issue, keeping the data fredy
available for the unredtricted use of researchers worldwide.

Through this collaboration, the SNP Consortium will be able to contribute about three times as many
SNPs to the public domain than otherwise would have been possible under TSC's origind scientific
plan which had been to identify 300,000 SNPs and map at least 150,000 of these SNPs, evenly
digtributed throughout the genome. An exponentia increase in the amount of human genetic sequence
data that has recently become available from the Human Genome Project has enabled the consortium to
proceed a a much faster pace than origindly envisoned. To date, the consortium has identified over
140,000 SNPs and mapped 102,719 SNPs. With the Human Genome Project collaboration, the total
number of vaidated and useful SNPs mapped may exceed 1,000,000 by December 2000.
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